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1N5992B 


6-13 


1N5993B 


6-13 


1N5994B 


6-13 


1N5995B 


6-13 


1NS996B 


6-13 


1N5997B 


6-13 


1NS998B 


6-13 


1N5999B 


6-13 


1N6000B 


6-13 


1N6O01B 


6-13 


1N60Q2B 


6-13 


1N6003B 


6-13 


1N6004B 


6-13 


1N60058 


6-13 


1N6O06B 


6-13 


1N6007B 


6-13 


1N6008B 


6-13 


1N6009B 


6-13 


1N6010B 


6-13 


1N6011B 


6-13 


1N6012B 


6-13 


1N6013B 


6-13 


1N6014B 


6-13 


1N601SB 


6-13 


1N6016B 


6-13 


1N6017B 


6-13 


1N6018B 


6-13 


1N6019B 


6-13 


1N6020B 


6-13 


1N6021B 


6-13 


1N6022B 


6-13 


1N6023B 


6-13 


1NO0Z4B 


6-13 


1N6025B 


6-13 


1N6267A 


4-17 


1N6268A 


4-17 


1N6269A 


4-17 


1N6270A 


4-17 



DEVICE 


PAGE 


1N6271A 


4-17 


1N6272A 


4-17 


1N6273A 


4-17 


1N6274A 


4-17 


1 N6275A 


4-17 


1N6276A 


4-17 


1N6277A 


4-17 


1N6278A 


4-17 


1N6279A 


4-17 


1N6280A 


4-17 


1N6281A 


4-17 


1N6282A 


4-17 


1N6283A 


4-17 


1N6284A 


4-17 


1N6285A 


4-17 


1N6286A 


4-17 


1N6287A 


4-17 


1N6288A 


4-17 


1N6289 


4-17 


1N6290A 


4-17 


1N6291A 


4-17 


1N6292A 


4-17 


1N6293A 


4-17 


1N6294A 


4-17 


1N6295A 


4-17 


1N6296A 


4-17 


1N6297A 


4-17 


1N6298A 


4-17 


1N6299A 


4-17 


1N6300A 


4-17 


1N6301A 


4-17 


1N6302A 


4-17 


1N6303A 


4-17 


1N6373 


4-19 


1N6374 


4-19 


1N6375 


4-19 


1N6376 


4-19 


1N6377 


4-19 


1N6378 


4-19 


1N6379 


4-19 


1N6380 


4-19 


1N6381 


4-19 


1N6382 


4-19 


1N6383 


4-19 


1N6384 


4-19 


1N6385 


4-19 


1N6386 


4-19 


1N6387 


4-19 


1N6388 


4-19 


1N6389 


4-19 


1N746A 


6-8 


1N747A 


6-8 


1N748A 


6-8 


1N749A 


6-8 
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DEVICE 


PAGE 


1 N750A 


6-8 


1 N751 A 


6-8 


1 N752A 


6-8 


1 N753A 


6-8 


1N754A 


6-8 


1 N755A 


6-8 


1N756A 


6-8 


1N757A 


6-8 


1 N758A 


6-8 


1 N759A 


6-8 


1N821 


8-2 


1N821A 


8-2 


1N823 


8-2 


1 N823A 


8-2 


1N825 


8-2 


1 N825A 


8-2 


1N827 


8-2 


1 N827A 


8-2 


1N829 


8-2 


1 N829A 


8-2 


1N957B 


6-8 




6-8 


1 MQSQR 


6-8 


1 NQfiOR 


6-8 


1N961B 


6-8 


1 NQfiPR 


6-8 


1N963B 


6-8 


1 N964B 


6-8 


1 1 1 


6-8 


1 N966B 


6-8 


1 NQ67B 


6-8 


1 N968B 


6-8 


1 N969B 


6-8 


1 N970B 


6-8 


1 N971 B 

1 1 U 1 1 LJ 


6-8 


1 N972B 


6-8 


1 N973B 


6-8 


1 N974B 


6-8 


1 N975B 


6-8 


1 N976B 


6-8 


1 N977B 


6-8 


1 N978B 


6-8 


1N979B 


6-8 


1N980B 


6-8 


1N981B 


6-9 


1 N982B 


6-9 


1 N983B 


6-9 


1N984B 


6-9 


1N985B 


6-9 


1N986B 


6-9 


1N987B 


6-9 


1N988B 


6-9 


1N989B 


6-9 


1N990B 


6-9 



DEVICE 


PAGE 


1N991B 


6-9 


1 N992B 


6-9 


1 SMB1 00AT3 


5-14 


1 SMB1 0AT3 


5-14 


1 SMB1 0CAT3 


5-15 


1SMB110AT3 


5-14 


1SMB11AT3 


5-14 


1SMB11CAT3 


5-15 


1SMB120AT3 


5-14 


1SMB12AT3 


5-14 


1SMB12CAT3 


5-15 


1SMB130AT3 


5-14 


1SMB13AT3 


5-14 


1SMB13CAT3 


5-15 


1SMB14AT3 


5-14 


1SMB14CAT3 


5-15 


1 SMB1 50AT3 


5-14 


1SMB15AT3 


5-14 


1SMB15CAT3 


5-15 


1SMB160AT3 


5-14 


1 1 VI LJ 1 Vj#* i O 


5-14 


1SMB16CAT3 


5-15 


1SMB170AT3 


5-14 


1SMB17AT3 


5-14 


1SMB17CAT3 


5-15 


1SMB18AT3 


5-14 


1SMB18CAT3 


5-15 


1 SMB20AT3 


5-14 


1 SMB20CAT3 


5-15 


1 SMB22AT3 


5-14 


1 SMB22CAT3 


5-15 


1 SMB24AT3 


5-14 


1 SMB24CAT3 


5-15 


1 SMB26AT3 


5-14 


1SMB26CAT3 


5-15 


1SMB28AT3 


5-14 


1SMB28CAT3 


5-15 


1SMB30AT3 


5-14 


1SMB30CAT3 


5-15 


1SMB33AT3 


5-14 


1 SMB33CAT3 


5-15 


1 SMB36AT3 


5-14 


1SMB36CAT3 


5-15 


1 SMB4QAT3 


5-14 


1 SMB40CAT3 


5-15 


1 SMB43AT3 


5-14 


1 SMB43CAT3 


5-1 5 


I OIVIDHOA I O 


SLA, A 


1SMB45CAT3 


5-15 


1SNIB48AT3 


5-14 


1 SMB48CAT3 


5-15 


1SMB5.0AT3 


5-14 


1SMB51AT3 


5-14 


1SMB51CAT3 


5-15 



DEVICE 


PAGE 


1 SMB54AT3 


5-14 


1 SMB54CAT3 


5-15 


1 SMB58AT3 


5-14 


1 SMB58CAT3 


5-15 


1SMB5913BT3 


7-17 


1SMB5914BT3 


7-17 


1SMB5915BT3 


7-17 


1SMB5916BT3 


7-17 


1SMB5917BT3 


7-17 


1SMB5918BT3 


7-17 


1SMB5919BT3 


7-17 


1 SMB5920BT3 


7-17 


1SMB5921BT3 


7-17 


1 SMB5922BT3 


7-17 


1 SMB5923BT3 


7-17 


1SMB5924BT3 


7-17 


1 SMB5925BT3 


7-17 


1SMB5926BT3 


7-17 


1 SMB5927BT3 


7-17 


1SMB5928BT3 


7-17 


1 SMB5929BT3 


7-18 


1SMB5930BT3 


7-18 


1SMB5931BT3 


7-18 


1SMB5932BT3 


7-18 


1SMB5933BT3 


7-18 


1SMB5934BT3 


7-18 


1SMB5935BT3 


7-18 


1SMB5936BT3 


7-18 


1SMB5937BT3 


7-18 


1 SMB5938BT3 


7-18 


1 SMB5939BT3 


7-18 


1 SMB5940BT3 


7-18 


1SMB5941BT3 


7-18 


1 SMB5942BT3 


7-18 


1SMB5943BT3 


7-18 


1 SMB5944BT3 


7-18 


1 SMB5945BT3 


7-18 


1 SMB5946BT3 


7-18 


1 SMB5947BT3 


7-18 


1SMB5948BT3 


7-18 


1 SMB5949BT3 


7-18 


1 SMB5950BT3 


7-18 


1SMB5951BT3 


7-18 


1 SMB5952BT3 

1 O 1 VI LJ^J ZJ-^lC LJ 1 \J 


7-18 


1 SMB5953BT3 

1 vj 1 VI LJiJ C *J *J LJ 1 \J 


7-18 


1SMB5954BT3 


7-18 


1 O L VI LJ .J^l U 1 O 


7-18 


1 oMtJDy ODD 1 o 


7-1 8 


1SMB6.0AT3 


5-14 


1SMB6.5AT3 


5-14 


1 SMB60AT3 


5-14 


1SMB60CAT3 


5-15 


1 SMB64AT3 


5-14 


1SMB64CAT3 


5-15 
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DEVICE 


rAub 


1SMB7.0AT3 


5-14 


1SMB7.5AT3 


5-14 


1 SMB70AT3 


5-14 


1SMB70CAT3 


5-15 


1 SMB75AT3 


5-14 


1SMB75CAT3 


5-15 


1 SMB78AT3 


5-14 


1 SMB78CAT3 


5-15 


1SMB8.0AT3 


5-14 


1SMB8.5AT3 


5-14 


1SMB85AT3 


5-14 


1SMB9.0AT3 


5-14 


1 SMB90AT3 


5-14 


1SMC10AT3 


5-22 


1SMC11AT3 


5-22 


1SMC12AT3 


5-22 


1SMC13AT3 


5-22 


1SMC14AT3 


5-22 


1SMC15AT3 


5-22 


1SMC16AT3 


5-22 


1SMC17AT3 


5-22 


1SMC18AT3 


5-22 


1 SMC20AT3 


5-22 


1 SMC22AT3 


5-22 


1 SMC24AT3 


5-22 


1 SMC26AT3 


5-22 


1 SMC28AT3 


5-22 


1 SMC30AT3 


5-22 


1 SMC33AT3 


5-22 


1SMC36AT3 


5-22 


1 SMC40AT3 


5-22 


1SMC43AT3 


5-22 


1 SMC45AT3 


5-22 


1 SMC48AT3 


5-22 


1SMC5.0AT3 


5-22 


1SMC51AT3 


5-22 


1 SMC54AT3 


5-22 


1 SMC58AT3 


5-22 


1SMC6.0AT3 


5-22 


1SMC6.5AT3 


5-22 


1 SMC60AT3 


5-22 


1 SMC64AT3 


5-22 


1SMC7.0AT3 


5-22 


1SMC7.5AT3 


5-22 


1 SMC70AT3 


5-22 


1 SMC75AT3 


5-22 


1 SMC78AT3 


5-22 


1SMC8.0AT3 


5-22 


I OIVH-/O.UM I o 




1SMC9.0AT3 


5-22 


3EZ100D5 


6-33 


3EZ10D5 


6-33 


3EZ110D5 


6-33 


3EZ11D5 


6-33 
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3EZ120D5 


6-33 


3EZ12D5 


6-33 


3EZ130D5 


6-33 


3EZ13D5 


6-33 


3EZ140D5 


6-33 


3EZ14D5 


6-33 


3EZ150D5 


6-33 


3EZ15D5 


6-33 


3EZ160D5 


6-33 


3EZ16D5 


6-33 


3EZ170D5 


6-33 


3EZ17D5 


6-33 


3EZ180D5 


6-33 


3EZ18D5 


6-33 


3EZ190D5 


6-33 


3EZ19D5 


6-33 


3EZ200D5 


6-34 


3EZ20D5 


6-33 


3EZ220D5 


6-34 


3EZ22D5 


6-33 


3EZ240D5 


6-34 


3EZ24D5 


6-33 


3EZ270D5 


6-34 


3EZ27D5 


6-33 


3EZ28D5 


6-33 


3EZ3.9D5 


6-33 


3EZ300D5 


6-34 


3EZ30D5 


6-33 


3EZ330D5 


6-34 


3EZ33D5 


6-33 


3EZ360D5 


6-34 


3EZ36D5 


6-33 


3EZ39D5 


6-33 


3EZ4.3D5 


6-33 


3EZ4.7D5 


6-33 


3EZ400D5 


6-34 


3EZ43D5 


6-33 


3EZ47D5 


6-33 


3EZ5.1D5 


6-33 


3EZ5.6D5 


6-33 


3EZ51D5 


6-33 


3EZ56D5 


6-33 


3EZ6.2D5 


6-33 


3EZ6.8D5 


6-33 


3EZ62D5 


6-33 


3EZ68D5 


6-33 


3EZ7.5D5 


6-33 


3EZ75D5 


6-33 


3EZ8.2D5 


6-33 


3EZ82D5 


6-33 


3EZ9.1D5 


6-33 


3EZ91D5 


6-33 


BZX55C10RL 


6-14 


BZX55C11RL 


6-14 



DEVICE 
UEVIlsE 




PAGE 


BZX55C12RL 




6-14 


BZX55C1 3RL 




6-14 


BZX55C15RL 




6-14 


BZX55C1 6RL 




6-14 


BZX55C1 8RL 




6-14 


BZX55C20RL 




6-14 


BZX55C22RL 




6-14 


BZX55C24RL 




6-14 


BZX55C27RL 




6-14 


BZX55C2V4RL 




6-14 


BZX55C2V7RL 




6-14 


BZX55C30RL 




6-14 


BZX55C33RL 




6-14 


BZX55C36RL 




6-14 


BZX55C39RL 




6-14 


BZX55C3V0RL 




6-14 


BZX55C3V3RL 




6-14 


BZX55C3V6RL 




6-14 


BZX55C3V9RL 




6-14 


BZX55C43RL 




6-14 


BZX55C47RL 




6-14 


BZX55C4V3RL 




6-14 


BZX55C4V7RL 




6-14 


BZX55C51RL 




6-14 


BZX55C56RL 




6-14 


BZX55C5V1RL 




6-14 


BZX55C5V6RL 




6-14 


BZX55C62RL 




6-14 


BZX55C68RL 




6-14 


BZX55C6V2RL 




6-14 


BZX55C6V8RL 




6-14 


BZX55C75RL 




6-14 


BZX55C7V5RL 




6-14 


BZX55C82RL 




6-14 


BZX55C8V2RL 




6-14 


BZX55C91 RL 




6-14 


BZX55C9V1RL 




6-14 


BZX79C100RL 




6-15 


BZX79C1 ORL 




6-15 


BZX79C110RL 




6-15 


BZX79C11RL 




6-15 


BZX79C120RL 




6-15 


BZX79C12RL 




6-15 


BZX79C130RL 




6-15 


BZX79C13RL 




6-15 


BZX79C150RL 




6-15 


BZX79C15RL 




6-15 


BZX79C160RL 




6-15 


BZX79C16RL 




6-1 5 


BZX79C180RL 




6-15 


BZX79C18RL 




6-15 


BZX79C200RL 




6-15 


BZX79C20RL 




6-15 


BZX79C22RL 




6-15 
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PAGE 


BZX79C24RL 


6-15 


BZX79C27RL 


6-15 


BZX79C2V4RL 


6-15 


BZX79C2V7RL 


6-15 


BZX79C30RL 


6-15 


BZX79C33RL 


6-15 


BZX79C36RL 


6-15 


BZX79C39RL 


6-15 


BZX79C3V0RL 


6-15 


BZX79C3V3RL 


6-15 


BZX79C3V6RL 


6-15 


BZX79C3V9RL 


6-15 


BZX79C43RL 


6-15 


BZX79C47RL 


6-15 


BZX79C4V3RL 


6-15 


BZX79C4V7RL 


6-15 


BZX79C51 RL 


6-15 


BZX79C56RL 


6-15 


BZX79C5V1 RL 


6-15 


BZX79C5V6RL 


6-15 


BZX79C62RL 


6-15 


BZX79C68RL 


6-15 


BZX79C6V2RL 


6-15 


BZX79C6V8RL 


6-15 


BZX79C75RL 


6-15 


BZX79C7V5RL 


6-15 


BZX79C82RL 


6-15 


BZX79C8V2RL 


6-15 


BZX79C91 RL 


6-15 


BZX79C9V1RL 


6-15 


BZX83C10RL 


6-16 


BZX83C11RL 


6-16 


BZX83C12RL 


6-16 


BZX83C13RL 


6-16 


BZX83C15RL 


6-16 


BZX83C16RL 


6-16 


BZX83C18RL 


6-16 


BZX83C20RL 


6-16 


BZX83C22RL 


6-16 


BZX83C24RL 


6-16 


BZX83C27RL 


6-16 


BZX83C2V7RL 


6-16 


BZX83C30RL 


6-16 


BZX83C33RL 


6-16 


BZX83C3V0RL 


6-16 


BZX83C3V3RL 


6-16 


BZX83C3V6RL 


6-16 


BZX83C3V9RL 


6-16 


BZX83C4V3RL 


6-16 


BZX83C4V7RL 


6-16 


BZX83C5V1 RL 


6-16 


BZX83C5V6RL 


6-16 


BZX83C6V2RL 


6-16 


BZX83C6V8RL 


6-16 



DEVICE 


PAGE 


BZX83C7V5RL 


6-16 


BZX83C8V2RL 


6-16 


BZX83C9V1RL 


6-16 


BZX84C10LT1 


7-5 


BZX84C11LT1 


7-5 


BZX84C12LT1 


7-5 


BZX84C13LT1 


7-5 


BZX84C15LT1 


7-5 


BZX84C16LT1 


7-5 


BZX84C1 8LT1 


7-5 


BZX84C20LT1 


7-5 


BZX84C22LT1 


7-5 


BZX84C24LT1 


7-5 


BZX84C27LT1 


7-5 


BZX84C2V4LT1 


7-5 


BZX84C2V7LT1 


7-5 


BZX84C30LT1 


7-5 


BZX84C33LT1 


7-5 


BZX84C36LT1 


7-5 


BZX84C39LT1 


7-5 


BZX84C3V0LT1 


7-5 


BZX84C3V3LT1 


7-5 


BZX84C3V6LT1 


7-5 


BZX84C3V9LT1 


7-5 


BZX84C43LT1 


7-5 


BZX84C47LT1 


7-5 


BZX84C4V3LT1 


7-5 


BZX84C4V7LT1 


7-5 


BZX84C51 LT1 


7-5 


BZX84C56LT1 


7-5 


BZX84C5V1LT1 


7-5 


BZX84C5V6LT1 


7-5 


BZX84C62LT1 


7-5 


BZX84C68LT1 


7-5 


BZX84C6V2LT1 


7-5 


BZX84C6V8LT1 


7-5 


BZX84C75LT1 


7-5 


BZX84C7V5LT1 


7-5 


BZX84C8V2LT1 


7-5 


BZX84C9V1LT1 


7-5 


BZX85C100RL 


6-25 


BZX85C10RL 


6-25 


BZX85C11RL 


6-25 


BZX85C12RL 


6-25 


BZX85C13RL 


6-25 


BZX85C15RL 


6-25 


BZX85C16RL 


6-25 


BZX85C18RL 


6-25 


BZX85C20RL 


6-25 


BZX85C22RL 


6-25 


BZX85C24RL 


6-25 


BZX85C27RL 


6-25 


BZX85C30RL 


6-25 


BZX85C33RL 


6-25 



DEVICE 


PAGE 


BZX85C36RL 


6-25 


BZX85C39RL 


6-25 


BZX85C3V3RL 


6-25 


BZX85C3V6RL 


6-25 


BZX85C3V9RL 


6-25 


BZX85C43RL 


6-25 


BZX85C47RL 


6-25 


BZX85C4V3RL 


6-25 


BZX85C4V7RL 


6-25 


BZX85C51 RL 


6-25 


BZX85C56RL 


6-25 


BZX85C5V1 RL 


6-25 


BZX85C5V6RL 


6-25 


BZX85C62RL 


6-25 


BZX85C68RL 


6-25 


BZX85C6V2RL 


6-25 


BZX85C6V8RL 


6-25 


BZX85C75RL 


6-25 


BZX85C7V5RL 


6-25 


BZX85C82RL 


6-25 


BZX85C8V2RL 


6-25 


BZX85C91RL 


6-25 


BZX85C9V1RL 


6-25 


ICTE-10 


4-19 


ICTE-10C 


4-19 


ICTE-12 


4-19 


ICTE-12C 


4-19 


ICTE-15 


4-19 


ICTE-15C 


4-19 


ICTE-18 


4-19 


ICTE-18C 


4-19 


ICTE-22 


4-19 


ICTE-22C 


4-19 


ICTE-36 


4-19 


ICTE-36C 


4-19 


ICTE-45 


4-19 


ICTE-45C 


4-19 


ICTE-5 


4-19 


ICTE-8 


4-19 


ICTE-8C 


4-19 


MMBZ5221BLT1 


7-6 


MMBZ5222BLT1 


7-6 


MMBZ5223BLT1 


7-6 


MMBZ5224BLT1 


7-6 


MMBZ5225BLT1 


7-6 


MMBZ5226BLT1 


7-6 


MMBZ5227BLT1 


7-6 


MMBZ5228BLT1 


7-6 


MMBZ5229BLT1 


7-6 


MMBZ5230BLT1 


7-6 


MMBZ5231 BLT1 


7-6 


MMBZ5232BLT1 


7-6 


MMBZ5233BLT1 


7-6 


MMBZ5234BLT1 


7-6 
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IVI lYlOZ-DiioDD L I I 


/ 


MlvlbZbtJbbLl l 


7-6 


MMR7K9Q7RI T1 


7 ft 


MMDZ-OtOODLI 1 


7_ft 
/ O 


MMQ7e;OQani T1 
MrviDZ-D^oytSLI l 


7_fi 
r D 


MMR7C9/inRI T1 
MlvlbZb<i4UbLI 1 


7 A 
f -D 


MMbZ.O<;4 1 bLI 1 


7-6 




7 ft 

/-o 


KAkAD7ROA'iB\ T1 
MIVlD£.0<:4ODI_l I 


7 ft 


IVIIVID£-0t44Dl_l I 


7-6 


MMR7K0/1KR1 T1 
IVlMDZ.0ii40Dl_l I 


7-6 


(VIIVlDZ.0*:4bbLI 1 


7 ft 


MMR7R9/17RI T1 
lVllVlDi.D£4/ Dl_l I 


7 ft 


MMR7R9/IORI T1 
MIVlDi.0£4ODI_l 1 


7 ft 


MMR7KQ/1QRI T1 


7 ft 


MlvlbZotoUbLI 1 


7 ft 


kIMR7E;OG1 Rl T1 

MlvlbZOtOl bLI 1 


7-6 


MMBZ5252BLI 1 


7-6 


kJh JD7COC3DI TH 

MMbZo25jbLI 1 


7-6 


MMBZ5254BLT1 


7-6 


MMBZ5255BLT1 


7-6 


MMBZ5256BLI 1 


7-6 


k J k J D7COC7D 1 T" 4 

MMBZ5257BLI 1 


7-6 


MMBZ5258BLI 1 


7-6 


MMbZ5259bLI 1 


7-6 


MMBZo2oOBLI 1 


7-6 


MMBZ52b1 BLI 1 


7-6 


MMbZbtbtbLI 1 


7-6 


MMbZ52bobLI 1 


7-6 


MMbZb<;b4bLI 1 


7-6 


MMbZb2b0bLI 1 


7-6 


MMbZb2bbbLI 1 


7-6 


MMbZ52b7bLI 1 


7-6 


MMbZo2bobLI 1 


7-6 


lvilvlbZb2bybLI 1 


7-6 


in JD7C07AD! T n 

MMBZ5270BL1 1 


7-6 


MMBZovdALT 1 


5-2 


MMbZIO i 1 


7-14 


k Ik J C71 1 T1 
MMbZ.1 1 1 1 


7-14 


kik JQ71 1T1 
MMbZ. It 1 1 


7-14 


k Jk 1071 qti 


7-14 


MMoZlb 1 1 


7-14 


MMbZl b 1 1 


7-14 


MlvlbZl o 1 1 


7-14 


K>IMQ79nT1 


7-14 


MMC799T1 


7-14 


MMbZ24 1 1 


7-14 


MMSZ27T1 


7-14 


MMSZ2V4T1 


7-14 


MMSZ2V7T1 


7-14 


MMSZ30T1 


7-14 


MMSZ33T1 


7-14 


MMSZ36T1 


7-14 


MMSZ39T1 


7-14 



DEVICE 


PAGE 


mlVIOiLOVU 1 1 


7-14 


lV1lvlb£.>5VO 1 1 


7 1A 




7-14 




7-14 


MMOi-40 I I 


r- l*t 


MMQ74R7AT1 


7-1 ^ 


MMQ74R7QT1 
MIVlO£.40/y I I 


7 1^ 
/- IO 


MMQ74RQnTl 
IVIIVlO£-400U I I 


7 1** 


MM974RR1T1 
IVllVlo£.40o I I I 


7-13 


MM974RR9T1 

IVI IVlOi-HUOt I I 


7-13 


MMQ74RRTT1 
IVI IVloi.4000 t I 


7-13 


IVI IVlOt- i tOO t T I I 


7-13 


IV! (VlOi.4000 I I 


7-13 


MM974fiflfiT1 

IVI IVIOi.HUOU I I 


7-13 


MMQ7ilfift7T1 
IVI IVIoi.400 ( I I 


7-13 


IVI IVlo£.4bOO I I 


7 11 


IVI IVlO£.40oy I I 


7 11 


kA h 1 7 a eonT 1 
MMv>Z4byU I 1 


7-13 


MMC7/ICQ1T1 

MMoZ4byi 1 1 


7 1 Q 


MMoZ4by*: 1 1 


7-13 


kAkA07ARQ , iT1 

fviMoZ.4byo 1 1 


/-1o 


kAkAC7AttQAT-i 
MMoZ4by4 1 1 


7-13 


\AKAG7A COCT1 

MMbZ4byb I 1 


7-13 


KAKAQ7 A CQCT1 

MMbZ4byb I 1 


7-13 


IVtMbZ.4Dy f I 1 


7-13 


FVlMbi.4byo 1 1 


7-13 


fcilMC7/1ftQQTl 

rvnvibi.4byy i i 


7-1 3 


k A k A C 7 A 7 nft T 1 


7-13 


(VIMbZ.4/Ul I I 


7 1^ 


fc<tk.j|C7/17nOTl 
IVllVloZ.4/Ui: I 1 


7 1 Q 


1 A 1 1 C 7 A 7fl QT 1 
MMbZ4/UO I 1 


7 <1 

/-1o 


MkJC7y17rMT"1 
MMbZ4/U4 I I 


7-13 


\AkA<Z7A7r\^TA 
n/IIVIoi.4/Ub I 1 


f -10 


kAKA<Z7A7r\RT-i 
MIVIoZ.4/Ub 1 1 


7 1 *a 


KjlH>IC7y17n7T1 
IV1lVlbi.4/U/ 1 1 


7 10 


kAkAG7A7ttaT'\ 


7-13 


hAKACl7A7nQTl 

ivi ivioi.*! / uy 1 1 


7-13 


IVI 1 1 U 1 1 


7 1 Q 

/ - 1 


MMoZ.'l / 111! 


7-13 


\A\A<Z.7A7-\ OT1 


7-13 


M Moil f 1 O 1 1 


7-1 3 


MMoZ.'l/ \Oi I I 


7-13 


IVI (Vloi.'f / 1 1 I 


7 H Q 
I- IO 


N\mO/.Hf I I 1 


7 1 •a 


hilfcjlC7/l71 7T1 


7 <Q 


KAttA<Z7A7T1 


7-14 


KAKAG7A\l'>TA 
MMbZ4Vo 1 1 


7-14 


MMSZ4V7T1 


7-14 


MMSZ51T1 


7-14 


MMSZ5221BT1 


7-11 


MMSZ5222BT1 


7-11 


MMSZ5223BT1 


7-11 


MMSZ5224BT1 


7-11 


MMSZ5225BT1 


7-11 



DEVICE 






PAGE 


IVIIvIOljuOD I I 






7-11 


M k i Q7 COQ7RT 1 






7-11 


MM97^00ftRT1 
ivirvioi. j££OD i i 






7-11 


ivifviOi.u<c<;iJD i 1 






7-11 


lYlMOi-OilOUO I 1 






7-11 


MM97S911 RT1 






7-11 


MM97^9^9RT1 






7-11 








7-11 


IVIIVIOt.JiCO*tl7J 1 I 






7-11 


MM^7SP^SRT1 






7-11 


MM^R^fiRTl 






7-11 








7-11 


IvilVIOf-JtOOD 1 1 






7-11 


MM^SP'VIRTI 






7-11 


MM c ;7SP4nRT1 






7-11 


MM < 57' ! ;P41 RT1 

IVllVIOi.D^'f I D I I 






7-11 


lVllVIOi.O£ i *<iD I I 






7-11 

/-ii 


IVIIVIot.O^'JOD I 1 






7 11 
/- I I 


lVIIVIb£.D<;**'lt3 I I 






7-11 
/- 1 I 


MMQ7ftO/1 CDT1 






7 11 

/-I I 


MMC7ROilftRT1 
mlVlbZ.0^4bb I I 






7 11 

/- I I 


k A KA Q7 KOvl 7 QT1 
MMoZ.9£4/D I I 






7 11 


IVlMo^-b£4oD 1 1 






7-11 


Mrvtoi-Dil'-iy D I I 






7-11 


fcdfcj(Q7»;ORnRT1 

MIVIOi.3£OUD I I 






7-11 


d(llkjlQ7^0R1 RT1 
IVI (VI OiLU^iO 1 D 1 1 






7-11 


lulliilQ7ROROnT1 
M(VloZ.DiiDZD I I 






7-11 


M M Q7 1W i^RTI 
MiVloZ.0ii0v3D 1 1 






7.11 

/- 1 1 


MMQ7R9'^4RT1 






7-11 


hi M ^7 R9 R^lRTl 






7-11 


MMCl7^9^ftRT1 






7 19 
/-I 


MMQ7R9R7RT1 
MMOLDcOr D I 1 






7 10 
/- I £ 


MM<^7R9RART1 






7-19 
/- I £ 


MM<57R9RQRT1 






7 19 
/-I £ 


MM<57R9finRT1 
MIV1oZ.O£DUD 1 1 






7 10 
/-It 


MMQ7ftOft1 RT1 
rvirvioZ-O^D 1 D 1 1 






7 19 
f- I £ 


IVIIV1oZ.0£0£D 1 1 






7 19 

l'\£. 


MM < 57^Pft'^RTl 






7-1 2 


MMC7ftOftjiRT1 






7 19 
/- I £ 


MM97R9fi^RT1 
IVIIVtO£-DiiDOD I 1 






7-1 2 


MMQ7ft9ftftRT1 
MIV10£.0£OOD I I 






7 19 
/- 1£ 


MM97^9fi7RT1 






7 19 
/~l£ 


M M 97 *\9ftft RT 1 






7 19 
f - \£. 


MM97*;9ftQRT1 






7 19 


M KjI Q7 R97n RT 1 






7 19 
/-I C 


MM<57^ftTl 






7 1^ 


MMoZ-OV I I l 






7 1 A 


MMS25V6T1 






7-14 


MkylSZ62T1 






7-14 


MMSZ68T1 






7-14 


MMSZ6V2T1 






7-14 


MMSZ6V8T1 






7-14 


MMSZ75T1 






7-14 


MMSZ7V5T1 






7-14 



Alphanumeric Index of Part Numbers 
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DEVICE 


PAGE 


MMSZ8V2T1 


7-14 


MMSZ9V1T1 


7-14 


MR2535L 


4-21 


MPTE-10 


4-19 


MPTE-10C 


4-19 


MPTE-12 


4-19 


MPTE-12C 


4-19 


MPTE-15 


4-19 


MPTE-15C 


4-19 


MPTE-18 


4-19 


MPTE-18C 


4-19 


MPTE-22 


4-19 


MPTE-22C 


4-19 


MPTE-36 


4-19 


MPTE-36C 


4-19 


MPTE-45 


4-19 


MPTE-45C 


4-19 


MPTE-5 


4-19 


MPTE-8 


4-19 


MPTE-8C 


4-19 


MZ4099 


6-17 


MZ4100 


6-17 


MZ4101 


6-17 


MZ4102 


6-17 


MZ4103 


6-17 


MZ4104 


6-17 


MZ4614 


6-17 


MZ4615 


6-17 


MZ4616 


6-17 


MZ4617 


6-17 


MZ4618 


6-17 


MZ4619 


6-17 


MZ4620 


6-17 


MZ4621 


6-17 


MZ4622 


6-17 


MZ4623 


6-17 


MZ4624 


6-17 


MZ4625 


6-17 


MZ4626 


6-17 


MZ4627 


6-17 


MZ5520B 


6-18 


MZ5521B 


6-18 


MZ5522B 


6-18 


MZ5523B 


6-18 


MZ5524B 


6-18 


MZ5525B 


6-18 


MZ5526B 


6-18 


MZ5527B 


6-18 


MZ5528B 


6-18 


MZ5529B 


6-18 


MZ5530B 


6-18 


MZD10 


6-35 


MZD100 


6-35 


MZD11 


6-35 



DEVICE 


WkQE 


MZD110 


6-35 


MZD12 


6-35 


MZD120 


6-35 


MZD13 


6-35 


MZD130 


6-35 


MZD15 


6-35 


MZD150 


6-35 


MZD16 


6-35 


MZD160 


6-35 


MZD18 


6-35 


MZ0180 


6-35 


MZD20 


6-35 


MZD200 


6-35 


MZD22 


6-35 


MZD24 


6-35 


MZD27 


5-35 


MZD3.9 


6-35 


MZD30 


6-35 


MZD33 


6-35 


MZD36 


6-35 


MZD39 


6-35 


MZD4.3 


6-35 


MZD4.7 


6-35 


MZD43 


6-35 


MZD47 


6-35 


MZD5.1 


6-35 


MZD5.6 


6-35 


MZD51 


6-35 


MZD56 


6-35 


MZD6.2 


6-35 


MZD6.8 


6-35 


MZD62 


6-35 


MZD68 


9-35 


MZD7.5 


6-35 


MZD75 


6-35 


MZD8.2 


S-35 


MZD82 


6-35 


MZD9.1 


6-35 


MZD91 


6-35 


MZP4728A 


6-36 


MZP4729A 


6-36 


MZP4730A 


6-36 


MZP4731A 


6-36 


MZP4732A 


6-36 


MZP4733A 


6-36 


MZP4734A 


6-36 


MZP4735A 


6-36 


MZP4736A 


6-36 


MZP4737A 


6-36 


MZP4738A 


6-36 


MZP4739A 


6-36 


MZP4740A 


6-36 


MZP4741A 


6-36 


MZP4742A 


6-36 



DEVICE 


PAGE 


MZP4743A 


6-36 


MZP4744A 


6-36 


MZP4745A 


6-36 


MZP4746A 


6-36 


MZP4747A 


6-36 


MZP4748A 


6-36 


MZP4749A 


6-36 


MZP4750A 


6-36 


MZP4751A 


6-36 


MZP4752A 


6-36 


MZP4753A 


6-36 


MZP4754A 


6-36 


MZP4755A 


6-36 


MZP4756A 


6-36 


MZP4757A 


6-36 


MZP4758A 


6-36 


MZP4759A 


6-36 


MZP4760A 


6-36 


MZP4761A 


6-36 


MZP4762A 


6-36 


MZP4763A 


6-36 


MZP4764A 


6-36 


MZPY100RL 


6-26 


MZPY10RL 


6-26 


MZPY11RL 


6-26 


MZPY12RL 


6-26 


MZPY13RL 


6-26 


MZPY15RL 


6-26 


MZPY16RL 


6-26 


MZPY18RL 


6-26 


MZPY20RL 


6-26 


MZPY22RL 


6-26 


MZPY24RL 


6-26 


MZPY27RL 


6-26 


MZPY3.9RL 


6-26 


MZPY30RL 


6-26 


MZPY33RL 


6-26 


MZPY36RL 


6-26 


MZPY39RL 


6-26 


MZPY4.3RL 


6-26 


MZPY4.7RL 


6-26 


MZPY43RL 


6-26 


MZPY47RL 


6-26 


MZPY5.1RL 


6-26 


MZPY5.6RL 


6-26 


MZPY51RL 


6-26 


MZPY56RL 


6-26 


MZPY6.2RL 


6-26 


MZPY6.8RL 


6-26 


MZPY62RL 


6-26 


MZPY68RL 


6-26 


MZPY7.5RL 


6-26 


MZPY75RL 


6-26 


MZPY8.2RL 


6-26 



Motorola TVS/Zener Device Data 



Alphanumeric Index of Part Numbers 
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ALPHANUMERIC INDEX (continued) 



DEVICE 




PAGE 


MZPY82RL 




6-26 


MZPY9.1RL 




6-26 


MZPY91RL 




6-26 


P6KE100A 




4-7 


P6KE100CA 




4-7 


P6KE10A 




4-7 


P6KE10CA 




4-7 


P6KE110A 




4-7 


P6KE110CA 




4-7 


P6KE11A 




4-7 


P6KE11CA 




4-7 


P6KE120A 




4-7 


P6KE120CA 




4-7 


P6KE12A 




4-7 


P6KE12CA 




4-7 


P6KE130A 




4-7 


P6KE130CA 




4-7 


P6KE13A 




4-7 


P6KE13CA 




4-7 


P6KE150A 




4-7 


P6KE150CA 




4-7 


P6KE15A 




4-7 


P6KE15CA 




4-7 


P6KE160A 




4-7 


P6KE160CA 




4-7 


P6KE16A 




4-7 


P6KE16CA 




4-7 


P6KE170A 




4-7 


P6KE170CA 




4-7 


P6KE180A 




4-7 


P6KE180CA 




4-7 


P6KE18A 




4-7 


P6KE18CA 




4-7 


P6KE200A 




4-7 


P6KE200CA 




4-7 


P6KE20A 




4-7 


P6KE20CA 




4-7 


P6KE22A 




4-7 


P6KE22CA 




4-7 


P6KE24A 




4-7 


P6KE24CA 




4-7 


P6KE27A 




4-7 


P6KE27CA 




4-7 


P6KE30A 




4-7 


P6KE30CA 




4-7 


P6KE33A 




4-7 


P6KE33CA 




4-7 


P6KE36A 




4-7 


P6KE36CA 




4-7 


P6KE39A 




4-7 


P6KE39CA 




4-7 


P6KE43A 




4-7 


P6KE43CA 




4-7 


P6KE47A 




4-7 



DEVICE 


PAGE 


P6KE47CA 


4-7 


P6KE51A 


4-7 


P6KE51CA 


4-7 


P6KE56A 


4-7 


P6KE56CA 


4-7 


P6KE6.8A 


4-7 


P6KE6.8CA 


4-7 


P6KE62A 


4-7 


P6KE62CA 


4-7 


P6KE68A 


4-7 


P6KE68CA 


4-7 


P6KE7.5A 


4-7 


P6KE7.5CA 


4-7 


P6KE75A 


4-7 


P6KE75CA 


4-7 


P6KE8.2A 


4-7 


P6KE8.2CA 


4-7 


P6KE82A 


4-7 


P6KE82CA 


4-7 


P6KE9.1A 


4-7 


P6KE9.1CA 


4-7 


P6KE91A 


4-7 


P6KE91CA 


4-7 


P6SMB1 00AT3 


5-16 


P6SMB1 0AT3 


5-16 


P6SMB110AT3 


5-16 


P6SMB11AT3 


5-16 


P6SMB1 1 CAT3 


5-17 


P6SMB120AT3 


5-16 


P6SMB12AT3 


5-16 


P6SMB12CAT3 


5-17 


P6SMB130AT3 


5-16 


P6SMB13AT3 


5-16 


P6SMB13CAT3 


5-17 


P6SMB150AT3 


5-16 


P6SMB15AT3 


5-16 


P6SMB15CAT3 


5-17 


P6SMB1 60AT3 


5-16 


P6SMB16AT3 


5-16 


P6SMB16CAT3 


5-17 


P6SMB1 70AT3 


5-16 


P6SMB1 80AT3 


5-16 


P6SMB18AT3 


5-16 


P6SMB1 8CAT3 


5-17 


P6SMB200AT3 


5-16 


P6SMB20AT3 


5-16 


P6SMB20CAT3 


5-17 


P6SMB22AT3 


5-16 


P6SMB22CAT3 


5-17 


P6SMB24AT3 


5-16 


P6SMB24CAT3 


5-17 


P6SMB27AT3 


5-16 


P6SMB27CAT3 


5-17 


P6SMB30AT3 


5-16 



DEVICE 




PAGE 


P6SMB30CAT3 




5-17 


P6SMB33AT3 




5-16 


P6SMB33CAT3 




5-17 


P6SMB36AT3 




5-16 


P6SMB36CAT3 




5-17 


P6SMB39AT3 




5-16 


P6SMB39CAT3 




5-17 


P6SMB43AT3 




5-16 


P6SMB43CAT3 




5-17 


P6SMB47AT3 




5-16 


P6SMB47CAT3 




5-17 


P6SMB51 AT3 




5-16 


P6SMB51 CAT3 




5-17 


P6SMB56AT3 




5-16 


P6SMB56CAT3 




5-17 


P6SMB6.8AT3 




5-16 


P6SMB62AT3 




5-16 


P6SMB62CAT3 




5-17 


P6SMB68AT3 




5-16 


P6SMB68CAT3 




5-17 


P6SMB7.5AT3 




5-16 


P6SMB75AT3 




5-16 


P6SMB75CAT3 




5-17 


P6SMB8.2AT3 




5-16 


P6SMB82AT3 




5-16 


P6SMB82CAT3 




5-17 


P6SMB9.1AT3 




5-16 


P6SMB91 AT3 




5-16 


P6SMB91 CAT3 




5-17 


SA100A 




4-3 


SA100CA 




4-3 


SA10A 




4-3 


SA10CA 




4-3 


SA110A 




4-3 


SA110CA 




4-3 


SA11A 




4-3 


SA11CA 




4-3 


SA120A 




4-3 


SA120CA 




4-3 


SA12A 




4-3 


SA12CA 




4-3 


SA130A 




4-3 


SA130CA 




4-3 


SA13A 




4-3 


SA13CA 




4-3 


SA14A 




4-3 


SA14CA 




4-3 


SA150A 




4-3 


SA150CA 




4-3 


SA15A 




4-3 


SA15CA 




4-3 


SA160A 




4-3 


SA160CA 




4-3 


SA16A 




4-3 
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PAGE 


SA16CA 


4-3 


SA170A 


4-3 


SA170CA 


4-3 


SA17A 


4-3 


SA17CA 


4-3 


SA18A 


4-3 


SA18CA 


4-3 


SA20A 


4-3 


SA20CA 


4-3 


SA22A 


4-3 


SA22CA 


4-3 


SA24A 


4-3 


SA24CA 


4-3 


SA26A 


4-3 


SA26CA 


4-3 


SA28A 


4-3 


SA28CA 


4-3 


SA30A 


4-3 


SA30CA 


4-3 


SA33A 


4-3 


SA33CA 


4-3 


SA36A 


4-3 


SA36CA 


4-3 


SA40A 


4-3 


SA40CA 


4-3 


SA43A 


4-3 


SA43CA 


4-3 


SA45A 


4-3 


SA45CA 


4-3 


SA48A 


4-3 


SA48CA 


4-3 



DEVICE 


PAGE 


SA5.0A 


4-3 


SA51A 


4-3 


SA51CA 


4-3 


SA54A 


4-3 


SA54CA 


4-3 


SA58A 


4-3 


SA58CA 


4-3 


SA6.0A 


4-3 


SA6.0CA 


4-3 


SA6.5A 


4-3 


SA6.5CA 


4-3 


SA60A 


4-3 


SA60CA 


4-3 


SA64A 


4-3 


SA64CA 


4-3 


SA7.0A 


4-3 


SA7.0CA 


4-3 


SA7.5A 


4-3 


SA7.5CA 


4-3 


SA70A 


4-3 


SA70CA 


4-3 


SA75A 


4-3 


SA75CA 


4-3 


SA78A 


4-3 


SA78CA 


4-3 


SA8.0A 


4-3 


SA8.0CA 


4-3 


SA8.5A 


4-3 


SA8.5CA 


4-3 


SA85A 


4-3 


SA85CA 


4-3 



DEVICE 


PAGE 


SA9.0A 


4-3 


SA9.0CA 


4-3 


SA90A 


4-3 


SA90CA 


4-3 


ZPD10RL 


6-16 


ZPD11RL 


6-16 


ZPD12RL 


6-16 


ZPD13RL 


6-16 


ZPD15RL 


6-16 


ZPD16RL 


6-16 


ZPD18RL 


6-16 


ZPD2.7RL 


6-16 


ZPD20RL 


6-16 


ZPD22RL 


6-16 


ZPD24RL 


6-16 


ZPD27RL 


6-16 


ZP03.0RL 


6-16 


ZPD3.3RL 


6-16 


ZPD3.6RL 


6-16 


ZPD3.9RL 


6-16 


ZPD30RL 


6-16 


ZPD33RL 


6-16 


ZPD4.3RL 


6-16 


ZPD4.7RL 


6-16 


ZPD5.1RL 


6-16 


ZPD5.6RL 


6-16 


ZPD6.2RL 


6-16 


ZPD6.8RL 


6-16 


ZPD7.5RL 


6-16 


ZPD8.2RL 


6-16 


ZPD9.1RL 


6-16 
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Section Two 




Cross Reference 
and Index 



This Cross Reference and Index lists industry devices by 
the EIA, European, or in-house part number for which there 
is a nearest or similar Motorola replacement. The replace- 
ment columns show nearest or similar replacements. The 
similar device differs in electrical and/or case style from the 
referenced industry type number. Substitution acceptability 
can be determined by reviewing the Electrical Characteris- 
tics and Case Dimensions given on the Motorola Data 
Sheet. For devices not shown in this Cross Reference 
Guide, or for further information, the user should contact a 
Motorola factory representative. 



Motorola TVS/Zener Device Data Cross Reference and Index 



2-1 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




ran 


uireci 


oimiiar 


Page 


N u m b© r 


Replacement 


Replacement 


Mi imhar 


4T110 




1 NSP7PR 


6-12 


.4T1 1 0A 




1 N5272B 


6-12 


.4T110B 




1N5272B 


6-12 


.4T12 




1N5242B 


6-11 


.4T12A 




1NW4PB 


6-11 


4T12B 




1N5949R 


6-11 


4T5 6 




1 lliJcO^D 


6-11 


4T5 6A 




1 MUCOCD 


6-11 


AJC. CD 
.H 1 O.DD 




IN^'WR 


6-11 


4TR ft 

.H 1 0.0 




1N5?^R 


6-11 


4T6 8A 






6-11 


4T6 8B 






6-11 


.4Z110D 




1N5272B 


6-12 


.4Z110D10 




1N5272B 


6-12 


471100^ 

.Hi. I I UUJ 




1 1 NvJC 1 CD 


6-12 


4Z6 8D 




INKP^R 

1 iNUcOuD 


6-11 


A7R ftmn 

.IlD.OU 1 u 




1 INucOuD 


6-11 


A7P, (WIS 




I INOcOOD 


6-11 


■ Ulvl I I Ul I u 


1KJC070R 




6-12 


.OiVl I I UZ.0 


I PiOc / £ D 




0- \c 


.0 rvi 1 1 Ui.o 


1 MR979R 
1 INOc/cD 




0- ic 


cxin 47c 


1 KJ^OOI n 
I INOcc I D 




fi.11 


.5M2.4ZS10 


1N5221B 




6-11 


.5M2.4ZS5 


1N5221B 




6-11 


U.c 3 I I I u 




1 iNOc t cu 


- Ic 


U.tLO I I I UH 




1 nJ£ / CD 


6-12 


U.C3 I 0.0 




1 INOcOcD 


6-11 


fl P'VPi fiA 




1 1 1 JCOCD 


6-11 


1 fiKFmnA 




1 N69Q7A 
1 hucc?/ rt 


4-17 






1 SKFIPflPA 

l .0 rvL. 1 tUwn 


4-17 


1 flKFIDA 




1 N6273A 


4-17 


1 flKFIDCA 




1 5KF1PPA 


4-17 


1.0KE110A 




1N6298A 


4-17 


1.0KE110CA 




1.5KE130CA 


4-17 


1 0KF11A 
i ,ur\c i i rt 




1MR974A 
1 NOC / *trt 


4-17 


1 nKFUPA 

I . U r \ l_ I I \Sr\ 








1 nKF19DA 
i .ur\c i curt 




1MC0QQA 

i iNocyyrt 


4.17 


1 .Ur\C 1 CUV^rt 




1 RKFIRClPA 


4-17 


1 DKF19A 




I Wjc. 1 art 


4.17 


1 .ur\c 1 tun 




1 ^KFIRPA 


4-17 


1 nKFnnA 






4-17 


1 0KF13DCA 




1 .or\c 1 ouort 


4-17 


1.0KE13A 




1N6275A 


4-17 


1.0KE13CA 




1.5KE15CA 


4-17 


1.0KE14A 




1N6277A 


4-17 


1.0KE14CA 




1.5KE18CA 


4-17 


1.0KE150A 




1N6302A 


4-17 


1.0KE150CA 




1.5KE180CA 


4-17 


1.0KE15A 




1N6277A 


4-17 


1.0KE15CA 




1.5KE18CA 


4-17 



CF = consult factory representative 



InHi ictrw 

inuusiry 


Mntnrnla 


ivi u iu 1 uia 




Part 
rail 


Direct 


Similar 

01 1 1 1 1101 


Page 




Rpnlarpmpnt 
r\cpiaot;i 1 lei 1 1 


Rpnlarpmpnt 

nv^tiavvi 1 171 1 1 


Number 


i.okei6oa 




1N6303A 


4-17 


1.0KEI6OCA 




1 .5KE200CA 


4-17 


i.okei6a 




1N6278A 


4-17 


1.0KEI6CA 




1.5KE20CA 


4-17 


1.0KE170A 




1N6303A 


4-17 


1.0KE170CA 




1.5KE200CA 


4-17 


1.0KE17A 




1 N6278A 


4-17 


1 nkF17PA 
1 .ur\c 1 / on 






4-17 


1.0KE18A 




1 N6279A 


4-17 


1.0KE18CA 




1.5KE22CA 


4-17 


1.0KE20A 




1 N6280A 


4-17 


1.0KE20CA 




1 .5KE24CA 


4-17 


1.0KE22A 




1N6281A 


4-17 


1.0KE22CA 




1.5KE27CA 


4-17 


1.0KE24A 


1 N6282A 


4-17 


1.0KE24CA 




1.5KE30CA 


4-17 


1.0KE26A 




1 N6283A 


4-17 


1.0KE26CA 




1.5KE33CA 


4-17 


1.0KE28A 




1 N6283A 


4-17 


1.0KE28CA 




1 .5KE33CA 


4-17 


1.0KE30A 




1 N6284A 


4-17 


1.0KE30CA 




1 .5KE36CA 


4-17 


1.0KE33A 




1N6285A 


4-17 


1.0KE33CA 




1.5KE39CA 


4-17 


1.0KE36A 




1N6286A 


4-17 


1.0KE36CA 




1.5KE43CA 


4-17 


1.0KE40A 




1N6287A 


4-17 


1.0KE40CA 




1 .5KE47CA 


4-17 


1.0KE43A 




1N6288A 


4-17 


1.0KE43CA 




1.5KE51CA 


4-17 


1.0KE45A 




1N6289A 


4-17 


1.0KE45CA 




1.5KE56CA 


4-17 


1.0KE48A 




1N6289A 


4-17 


1.0KE48CA 




1.5KE56CA 


4-17 


1.0KE5.0A 




1 N6267A 


4-17 


1.0KE5.0CA 




1 5KE6 8CA 


4-17 


1.0KE51A 




1 N6290A 


4-17 


1.0KE51CA 




1.5KE62CA 


4-17 


1.0KE54A 




1N6291A 


4-17 


1.0KE54CA 




1.5KE68CA 


4-17 


1.0KE58A 




1N6291A 


4-17 


1.0KE58CA 




1 .5KE68CA 


4-17 


1.0KE6.0A 




1N6268A 


4-17 


1.0KE6.0CA 




1.5KE7.5CA 


4-17 


1.0KE6.5A 




1N6268A 


4-17 


1.0KE6.5CA 




1.5KE7.5CA 


4-17 


1.0KE60A 




1N6292A 


4-17 


1.0KE60CA 




1.5KE75CA 


4-17 


1.0KE64A 




1N6292A 


4-17 


1.0KE64CA 




1.5KE75CA 


4-17 
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Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


MOlOrOia 


motorola 




Dart 

ran 


uireci 


Similar 

similar 


Page 


Number 


rtepiacernem 


nepiacerrieni 




1 0KF7 OA 




1 N6269A 


4-17 


1 0KF7 flCA 




1 5KE8 ?CA 


4-17 


1.0KE7.5A 




1N6270A 


4-17 


1.0KE7.5CA 




1.5KE9.1CA 


4-17 


1 nKF7f)A 




1 N6293A 


4-17 


1 f)KF7f)0A 

1 .Ui\l_ / Uun 




1 5KF82CA 


4-17 


1 0KE75A 




1 N6294A 


4-17 


1 0KE75CA 




1 5KE91CA 


4-17 


1 QKE78A 




1 N6294A 


4-17 


1.0KE78CA 




1 5KE91CA 


4-17 


1 .0KE8.0A 




1N6271A 


4-17 


1 .0KE8.0CA 




1.5KE10CA 


4-17 


1.0KE8.5A 




1N6271A 


4-17 


1.0KE8.5CA 




1.5KE10CA 


4-17 


1 0KE85A 




1 N6295A 


4-17 


1 0KE85CA 

1 .ul\Lvvvn 




1 5KE100CA 


4-17 


1 0KE9 OA 




1 N6272A 


4-17 


1 0KE9 OCA 




1 "iKFUHA 


4-17 


1 ftKFQOA 




1 WR9QRA 


4-17 


1 nKFQnrA 






4-17 


1 ?KF1flflA 




1 MR9Q7A 


4-17 


1 PKFmnrA 

1 .c. r\C 1 UULfM 






4-17 

*t- 1 / 


1.2KE10A 




1N6273A 


4-17 


1.2KE10CA 




1.5KE12CA 


4-17 






I INO^yOn 


A-17 


1 ?KFimr;A 

I r\L_ 1 1 Uvrl 




1 ^KFIW^A 


4-17 


1.2KE11 A 




1 NR974A 


4-17 


1 2KE11CA 






4-17 


1 2KF1?f)A 

i . tir\[_ i tun 






4-17 


1 2KE120CA 




1 RKFlSflCA 


4-17 


1.2KE12A 






4-17 


1 2KE12CA 




1 ^KFI^PA 


4-17 


1.2KE130A 




1N6300A 


4-17 


1.2KE130CA 




1.5KE160CA 


4-17 


1.2KE13A 






4-17 


1 2KE13CA 




1 RKF1RHA 


4-17 


1.2KE14A 




1 MR977A 


4-17 


1 2KE14CA 




1 RKFIftfA 


4-17 


1.2KE150A 




1 Mfi^fWA 


4-17 


1 2KE150CA 




1 . jr\H 1 OUwn 


4-17 


1.2KE15A 




1 MR977A 


4-17 


1 2KE1SCA 






4-17 


1.2KE160A 




1N6303A 


4-17 


1.2KE160CA 




1.5KE200CA 


4-17 


1.2KE16A 




1N6278A 


4-17 


1.2KE16CA 




1.5KE20CA 


4-17 


1.2KE170A 




1N6303A 


4-17 


1.2KE170CA 




1.5KE200CA 


4-17 


1.2KE17A 




1N6278A 


4-17 


1.2KE17CA 




1.5KE20CA 


4-17 



CF = consult factory representative 



inuuairy 


■Yioioroia 


Mntorn 1 a 
mULUIUId 




Dart 

ran 




Similar 


Page 


Kli i mlur 
PiUITIUCI 


ricfJiaucriicM i 




Number 


1.2KE18A 




1 N6279A 


4-17 


1.2KE18CA 




1.5KE22CA 


4-17 


1.2KE20A 




1N6280A 


4-17 


1.2KE20CA 




1.5KE24CA 


4-17 


1 .2KE22A 




1N6281A 


4-17 


1 .2KE22CA 




1.5KE27CA 


4-17 


1 .2KE24A 




1N6282A 


4-17 


1 .2KE24CA 




1.5KE30CA 


4-17 


1.2KE26A 




1N6283A 


4-17 


1.2KE26CA 




1.5KE33CA 


4-17 


1.2KE28A 




1 N6283A 


4-17 


1 .2KE28CA 




1.5KE33CA 


4-17 


1.2KE30A 




1N6284A 


4-17 


1.2KE30CA 




1.5KE36CA 


4-17 


1 .2KE33A 




1 N6285A 


4-17 


1 .2KE33CA 




1 .5KE39CA 


4-17 


1 .2KE36A 




1N6286A 


4-17 


1 .2KE36CA 




1 .5KE43CA 


4-17 


1.2KE40A 




1 N6287A 


4-17 


1 .2KE40CA 




1.5KE47CA 


4-17 


1 .2KE43A 




1 N6288A 


4-17 


1 2KF4^nA 




1 SKFSICA 

i .■-/ r\i_ j i 


4-17 


1.2KE45A 




1N6289A 


4-17 


1.2KE45CA 




1.5KE56CA 


4-17 


1 2KE48A 




1 N6289A 


4-17 


1.2KE48CA 




1 .5KE56CA 


4-17 


1 .2KE5.0A 




1 N6267A 


4-17 


1 .2KE5.0CA 




1.5KE6.8CA 


4-17 


1.2KE51A 




1N6290A 


4-17 


1.2KE51CA 




1.5KE62CA 


4-17 


1 .2KE54A 




1N6291A 


4-17 


1 .2KE54CA 




1 .5KE68CA 


4-17 


1.2KE58A 




1N6291A 


4-17 


1.2KE58CA 




1.5KE68CA 


4-17 


1.2KE6.0A 




1 N6268A 


4-17 


1.2KE6.0CA 




1.5KE7.5CA 


4-17 


1.2KE6.5A 




1N6268A 


4-17 


1.2KE6.5CA 




1 .5KE7.5CA 


4-17 


1.2KE60A 




1N6292A 


4-17 


1.2KE60CA 




1.5KE75CA 


4-17 


1.2KE64A 




1N6292A 


4-17 


1.2KE64CA 




1.5KE75CA 


4-17 


1.2KE7.0A 




1N6269A 


4-17 


1.2KE7.0CA 




1.5KE8.2CA 


4-17 


1.2KE7.5A 




1N6270A 


4-17 


1.2KE7.5CA 




1.5KE9.1CA 


4-17 


1.2KE70A 




1N6293A 


4-17 


1.2KE70CA 




1.5KE82CA 


4-17 


1.2KE75A 




1N6294A 


4-17 


1.2KE75CA 




1.5KE91CA 


4-17 
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CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1.2KE78A 




1N6294A 


4-17 


1.2KE78CA 




1.5KE91CA 


4-17 


1.2KE8.0A 




1N6271A 


4-17 


1.2KE8.0CA 




1.5KE10CA 


4-17 


1.2KE8.5A 




1N6271A 


4-17 


1.2KE8.5CA 




1.5KE10CA 


4-17 


1.2KE85A 




1N6295A 


4-17 


1.2KE85CA 




1.5KE100CA 


4-17 


1.2KE9.0A 




1N6272A 


4-17 


1.2KE9.0CA 




1.5KE11CA 


4-17 


1.2KE90A 




1N6296A 


4-17 


1.2KE90CA 




1.5KE110CA 


4-17 


1.5KE10 


1.5KE10A 




4-17 


1.5KE100 


1.5KE100A 




4-17 


1.5KE100A 


1.5KE100A 




4-17 


1.5KE100C 


1.5KE100CA 




4-17 


1.5KE100CA 


1.5KE100CA 




4-17 


1.5KE100CP 




1.5KE100CA 


4-17 


1.5KE100P 




1.5KE10QA 


4-17 


1.5KE10A 


1.5KE10A 




4-17 


1.5KE10C 


1.5KE10CA 




4-17 


1.5KE10CA 


1.5KE10CA 




4-17 


1.5KE10CP 




1.5KE10CA 


4-17 


1.5KE10P 




1.5KE10A 


4-17 


1.5KE11 


1.5KE11A 




4-17 


1.5KE110 


1.5KE110A 




4-17 


1.5KE110A 


1.5KE110A 




4-17 


1.5KE110C 


1.5KE110CA 




4-17 


1.5KE110CA 


1.5KE110CA 




4-17 


1.5KE110CP 




1.5KE110CA 


4-17 


1.5KE110P 




1.5KE110A 


4-17 


1.5KE11A 


1.5KE11A 




4-17 


1.5KE11C 


1.5KE11CA 




4-17 


1.5KE11CA 


1.5KE11CA 




4-17 


1.5KE11CP 




1.5KE11CA 


4-17 


1.5KE11P 




1.5KE11A 


4-17 


1.5KE12 


1.5KE12A 




4-17 


1.5KE120 


1.5KE120A 




4-17 


1.5KE120A 


1.5KE120A 




4-17 


1.5KE120C 


1.5KE120CA 




4-17 


1.5KE120CA 


1.5KE120CA 




4-17 


1.6KE120CP 




1.5KE120CA 


4-17 


1.5KE120P 




1.5KE120A 


4-17 


1.5KE12A 


1.5KE12A 




4-17 


1.5KE12C 


1.5KE12CA 




4-17 


1.5KE12CA 


1.5KE12CA 




4-17 


1.5KE12CP 




1.5KE12CA 


4-17 


1.5KE12P 




1.5KE12A 


4-17 


1.5KE13 


1.5KE13A 




4-17 


1.5KE130 


1.5KE130A 




4-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1.5KE130A 


1.5KE130A 




4-17 


1.5KE130C 


1.5KE130CA 




4-17 


1.5KE130CA 


1.5KE130CA 




4-17 


1.5KE130CP 




1.5KE130CA 


4-17 


1.5KE130P 




1.5KE130A 


4-17 


1.5KE13A 


1.5KE13A 




4-17 


1.5KE13C 


1.5KE13CA 




4-17 


1.5KE13CA 


1.5KE13CA 




4-17 


1.5KE13CP 




1.5KE13CA 


4-17 


1.5KE13P 




1.5KE13A 


4-17 


1.5KE15 


1.5KE15A 




4-17 


1.5KE150 


1.5KE150A 




4-17 


1.5KE150A 


1.5KE150A 




4-17 


1.5KE150C 


1.5KE150CA 




4-17 


1.5KE150CA 


1.5KE150CA 




4-17 


1.5KE150CP 




1.5KE150CA 


4-17 


1.5KE150P 




1.5KE150A 


4-17 


1.5KE15A 


1.5KE15A 




4-17 


1.5KE15C 


1.5KE15CA 




4-17 


1.5KE15CA 


1.5KE15CA 




4-17 


1.5KE15CP 




1.5KE15CA 


4-17 


1.5KE15P 




1.5KE15A 


4-17 


1.5KE16 


1.5KE16A 




4-17 


1.5KE160 


1.5KE160A 




4-17 


1.5KE160A 


1.5KE160A 




4-17 


1.5KE160C 


1.5KE160CA 




4-17 


1.5KE160CA 


1.5KE160CA 




4-17 


1.5KE160CP 




1.5KE160CA 


4-17 


1.5KE160P 




1.5KE160A 


4-17 


1.5KE16A 


1.5KE16A 




4-17 


1.5KE16C 


1.5KE16CA 




4-17 


1.5KE16CA 


1.5KE16CA 




4-17 


1.5KE16CP 




1.5KE16CA 


4-17 


1.5KE16P 




1.5KE16A 


4-17 


1.5KE170 


1.5KE170A 




4-17 


1.5KE170A 


1.5KE170A 




4-17 


1.5KE170C 


1.5KE170CA 




4-17 


1.5KE170CA 


1.5KE170CA 




4-17 


1.5KE170CP 




1.5KE170CA 


4-17 


1.5KE170P 




1.5KE170A 


4-17 


1.5KE18 


1.5KE18A 




4-17 


1.5KE180 


1.5KE180A 




4-17 


1.5KE180A 


1.5KE180A 




4-17 


1.5KE180C 


1.5KE180CA 




4-17 


1.5KE180CA 


1.5KE180CA 




4-17 


1.5KE180CP 




1.5KE180CA 


4-17 


1.5KE180P 




1.5KE180A 


4-17 


1.5KE18A 


1.5KE18A 




4-17 


1.5KE18C 


1.5KE18CA 




4-17 


1.5KE18CA 


1.5KE18CA 




4-17 



Cross Reference and Index 
2-4 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1.5KE18CP 




1.5KE18CA 


4-17 


1.5KE18P 




1.5KE18A 


4-17 


1.5KE20 


1.5KE20A 




4-17 


1.5KE200 


1.5KE200A 




4-17 


1.5KE200A 


1.5KE200A 




4-17 


1.5KE200C 


1.5KE200CA 




4-17 


1.5KE200CA 


1.5KE200CA 




4-17 


1.5KE200CP 




1.5KE200CA 


4-17 


1.5KE200P 




1.5KE200A 


4-17 


1.5KE20A 


1.5KE20A 




4-17 


1.5KE20C 


1.5KE20CA 




4-17 


1.5KE20CA 


1.5KE20CA 




4-17 


1.5KE20CP 




1.5KE20CA 


4-17 


1.5KE20P 




1.5KE20A 


4-17 


1.5KE22 


1 .5KE22A 




4-17 


1.5KE220 


1.5KE220A 




4-17 


1.5KE220A 


1 .5KE220A 




4-17 


1.5KE220C 


1.5KE220CA 




4-17 


1.5KE220CA 


1.5KE220CA 




4-17 


1.5KE220CP 




1.5KE220CA 


4-17 


1.5KE220P 




1.5KE220A 


4-17 


1.5KE22A 


1.5KE22A 




4-17 


1.5KE22C 


1.5KE22CA 




4-17 


1.5KE22CA 


1.5KE22CA 




4-17 


1.5KE22CP 




1.5KE22CA 


4-17 


1.5KE22P 




1.5KE22A 


4-17 


1.5KE24 


1.5KE24A 




4-17 


1.5KE24A 


1.5KE24A 




4-17 


1.5KE24C 


1.5KE24CA 




4-17 


1.5KE24CA 


1.5KE24CA 




4-17 


1.5KE24CP 




1.5KE24CA 


4-17 


1.5KE24P 




1.5KE24A 


4-17 


1.5KE250 


1.5KE250A 




4-17 


1.5KE250A 


1.5KE250A 




4-17 


1.5KE250C 


1 .5KE250CA 




4-17 


1.5KE250CA 


1.5KE250CA 




4-17 


1.5KE250CP 




1.5KE250CA 


4-17 


1.5KE250P 




1.5KE250A 


4-17 


1.5KE27 


1.5KE27A 




4-17 


1.5KE27A 


1.5KE27A 




4-17 


1.5KE27C 


1.5KE27CA 




4-17 


1.5KE27CA 


1.5KE27CA 




4-17 


1 5KE27CP 




1 5KE27CA 


4-17 


1.5KE27P 




1.5KE27A 


4-17 


1.5KE30 


1.5KE30A 




4-17 


1.5KE30A 


1.5KE30A 




4-17 


1.5KE30C 


1.5KE30CA 




4-17 


1.5KE30CA 


1.5KE30CA 




4-17 


1.5KE30CP 




1.5KE30CA 


4-17 


1.5KE30P 




1.5KE30A 


4-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1.5KE33 


4 Cl/OOA 

1 .5KE33A 




4-17 


1 .5KE33A 


1 .5KE33A 




4-17 


1.5KE33C 


1.5KE33CA 




4-17 


1.5KE33CA 


1.5KE33CA 




4-17 


1 .5KE33CP 




1.5KE33CA 


4-17 


1.5KE33P 




1.5KE33A 


4-17 


1.5KE36 


4 c l/T~r\r* ft 

1 .5KE36A 




4-17 


1 .5KE36A 


1.5KE36A 




4-17 


1 .5KE36C 


1 .5KE36CA 




4-17 


1.5KE36CA 


1.5KE36CA 




4-17 


1.5KE36CP 




1 .5KE36CA 


4-17 


1.5KE36P 




1 .5KE36A 


4-17 


1.5KE39 


1.5KE39A 




4-17 


1.5KE39A 


1.5KE39A 




4-17 


1 .5KE39C 


1.5KE39CA 




4-17 


1 .5KE39CA 


1.5KE39GA 




4-17 


1 .5KE39CP 




1 .5KE39CA 


4-17 


1 .5KE39P 




1.5KE39A 


4-17 


1 .5KE43 


1 .5KE43A 




4-17 


1 .5KE43A 


1 .5KE43A 




4-17 


1.5KE43C 


4 n/r jaAa 

1 .5KE43CA 




4-17 


1 .5KE43CA 


1.5KE43CA 




4-17 


1.5KE43CP 




1.5KE43CA 


4-17 


1.5KE43P 




1.5KE43A 


4-17 


1 .5KE47 


1 .5KE47A 




4-17 


1.5KE47A 


1 .5KE47A 




4-17 


1.5KE47C 


1 .5KE47CA 




4-17 


1.5KE47CA 


1 .5KE47CA 




4-17 


1.5KE47CP 




1.5KE47CA 


4-17 


1.5KE47P 




1.5KE47A 


4-17 


1.5KE51 


1.5KE51A 




4-17 


1.5KE51A 


1.5KE51A 




4-17 


1.5KE51C 


1.5KE51CA 




4-17 


1.5KE51CA 


1.5KE51CA 




4-17 


1.5KE51CP 




4 rl/rc 4 f* A 

1.5KE51CA 


4-17 


1.5KE51P 




1.5KE51A 


4-17 


1.5KE56 


1.5KE56A 




4-17 


1 .5KE56A 


1.5KE56A 




4-17 


1 .5KE56C 


1.5KE56CA 




4-17 


1.5KE56CA 


1 .5KE56CA 




4-17 


1 .5KE56CP 




1.5KE56CA 


4-17 


1.5KE56P 




1.5KE56A 


4-17 


1.5KE6.8 


1.5KE6.8A 




4-17 


1.5KE6.8A 


1.5KE6.8A 




4-17 


1.5KE6.8C 


1.5KE6.8CA 




4-17 


1.5KE6.8CA 


1.5KE6.8CA 




4-17 


1.5KE62 


1.5KE62A 




4-17 


1.5KE62A 


1.5KE62A 




4-17 


1.5KE62C 


1.5KE62CA 




4-17 


1.5KE62CA 


1.5KE62CA 




4-17 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-5 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Nurnoer 


1 GVFfiOPD 




1 GVFfiOPA 
I .Or\COtvn 


A-17 
4- I f 


1 .OftbtVr 




1 RKFROA 
I .OftbotA 


A 17 
4- I f 


1.5KE68 


1.5KE68A 




4-17 


1.5KE68A 


1.5KE68A 




4-17 


l.OftbooU 


1 E.tfFRflPA 
I .OftbOOOA 




4.17 


1 CVFRAPA 
i .OftbooL»A 


1 r^prapa 

I .OrSCDOOA 




4-17 

4" I f 


l.OftbOOl/r 




1 RKFRRPA 

i .oi\booon 


A 17 


1 .OtStOor 




1 RKFRAA 
I .OIVbOOA 


A 17 


1 .OlNtOVOA 




1 RKFR AA 




l,0ftbgVOL»A 




1 RKFR APA 


4.17 


1 Ci/CCWQPD 
l.Or\bOVbOr 




1 Cl/CR QPA 
l.Oftbo.OOA 


4 17 


l .oistovor 




1 RVFR AA 

i.orvbo.oA 


4 17 


1.5KE7.5 


1.5KE7.5A 




4-17 


1.5KE7.5A 


1.5KE7.5A 




4-17 


1 .OI\b/ .00 


1 gvf7 cpa 




4 17 


1 CI/C7 CPA 
1 .Dr\b/ .OOA 


1 EVC7 CPA 




A 17 
4-1 / 


l.Or\t/0 


1 .Oftbf On 




4 17 
4- 1 / 


1 CVC7EA 
1.0l\b/0A 


l.OIVbf OA 




A 17 
4-1 / 


l.OKb/oo 


I .Of\b/OvA 




4 17 
4- 1 / 


1 CI/C7CPA 
l.OKb/OL/A 


1 KI/C7E.PA 

1 .OKb/ooA 




A 17 
4- 1 / 


l.OKb/OOr 




1 CI/C7CPA 

1 .Oftb/oOA 


>1 17 
4-1 / 


1 .Oftb/Or 




1 CI/C7KA 

1 .Of\b/OA 


A 17 
4-1 / 


1.5KE7V5A 




1.5KE7.5A 


4-17 


1.5KE7V5CA 




1.5KE7.5CA 


4-17 


1.oKE7voCP 




^ C I/C7 CPA 

1.5Kb7.oOA 


4-17 


l.OKb/VOr 




1 EI/C7 CA 

1 .0Kb/.0A 


4-17 


1.5KE8.2 


^ CI/CO o A 

I .oKfco.^A 




4-17 


1 CI/CCl A 

l.OKboVA 


i El/CQ OA 

1 .OKbo.tA 




A 17 
4-1 f 


1 CL'tZQ OP 

l.OlSbo.lO 


1 CI/CQ OPA 

l.OKbu.tOA 




A 17 
4-1 / 


1 EL/ CO OOfi 

1.0r\bo\*!uA 


1 EVCQ OPA 




A 17 
4-1 / 


i .oftbot 


1 CI/CQOA 
I .OrxttVA 




4 17 
4- I / 


i .or\cotA 


1 E.KFR9A 




4-17 


1.5KE82C 


1.5KE82CA 




4-17 


1.5KE82CA 


1.5KE82CA 




4-17 


1 KI/CQOPD 




1 RL/CQOPA 


A 17 
4-1 / 


l.OftboVr 




^ ci/cqoa 

l.OftboVA 


A 17 
4-1 / 


l.OKbov^A 




1 Ei/CO OA 

l.OKbo.^A 


4-17 


1 EI/CQWOPA 

l.OKbov^L/A 




1 El/CQ OPA 


4-17 


■1 CI/CQVOPD 

l.oKbov^Or 




1 CI/CO OP A 

l.oKbo.^OA 


4-17 


i gi/cqwhd 
l.OKbov^r 




1 C l/CC O A 

1.oKbo.2A 


4-17 


i ci/co 1 
l.OKby.l 


1 Cl/CO i A 

1 .oKby.i A 




4-17 


1 CI/ CO 1 A 

l.OKty.lA 


l .OKby.l A 




4-17 


1.5KE9.1C 


1.5KE9.1CA 




4-17 


1.5KE9.1CA 


1.5KE9.1CA 




4-17 


1.5KE91 


1.5KE91A 




4-17 


1.5KE91A 


1.5KE91A 




4-17 


1.5KE91C 


1.5KE91CA 




4-17 


1.5KE91CA 


1.5KE91CA 




4-17 


1.5KE91CP 




1.5KE91CA 


4-17 


1.5KE91P 




1.5KE91A 


4-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


uireci 


Qlmilar 
oirniiar 


rage 


Number 


riepiacemern 


nCpidCcFTltJIH 


Numhpr 

HUM IUCI 


1 5KFQV1A 

1 ,3i\L3V 1 n 




1 5KE9 1A 


4-17 


1 C KFQV10A 




1 5KE9 1CA 


4-17 


1.5KE9V1CP 




1.5KE9.1CA 


4-17 


1.5KE9V1P 




1.5KE9.1A 


4-17 


1 5R20Q 




1N5956B 


6-31 


1 sR^nnA 

1 .jntUUn 




1 N5956B 


6-31 


1 SR9finR 
I .QncUUD 




1 N5956B 


6-31 


1.5R6.8 




1N5921B 

1 P lOJL 1 LJ 


6-31 


I .ono.un 




1N5921B 

1 nJut 1 U 


6-31 


1 c Rfi RR 




1N5921B 

1 1 1 LJ 


6-31 




i . joivi>_/ i un i o 




5-23 




1 SSMC1 1 AT 1 ? 




5-23 


1.5SMC12AT3 


1.5SMC12AT3 




5-23 


1.5SMC13AT3 


1.5SMC13AT3 




5-23 




1 .OOlVlw 1 On 1 




5-23 


1 .UOIVIVs 1 OA 1 


1 ^MClfiAT^ 
i . joiviL' i on i o 




5-23 


1 .QOIVIO 1 OA 1 O 


i .•joiviv/ i on i -j 




5-23 


I .OOlVl\/cUA 1 


1 ^MCCDA'n 
i .uoiviu^un i o 




5-23 


I .OOlvlUttA I 


1 . JO IVI \Jt-t- A 1 O 




5-23 


1 .DOIVlL'cHA 1 


1 ^9Mr94AT^ 
p .ooivivt'tn i o 




5-23 


I .OOlVl^y^/ A I 


1 .OOlVIOd / A 1 




5-23 


i .OolVlUoUn 1 


1 .OOMVyOUn 1 




5-23 


1.5SMC33AT3 


1.5SMC33AT3 




5-23 


1.5SMC36AT3 


1.5SMC36AT3 




5-23 


1 .OomUoyn 1 o 


1 EQKilP^QATQ 






1 R^MfAIAT^ 
1 .OOMLfnOA 1 


1 RCJWPA^AT^ 
I .OOIViOHOA I 




5-23 


1 c ,<;Mr47A"n 

1 ,0OIVlLf4/ n I 


1 c; < sMr47AT^ 




5-23 


1 .OOlvlwu 1 A 1 


1 iOOIVIvO 1 A 1 




5-23 


1 ^Mr^fiATC 

I . •J<J\Vi\j J'Jn 1 <J 


1 .OOIVIWOOA 1 O 




5-23 


I .OOIVI\jU.Or\ 1 O 


1 .0Q1VI vO.OA 1 O 




5-23 




1 5SMC6PAT3 




5-23 


1 SSMCBRAT! 






5-23 


1.5SMC7.5AT3 


1.5SMC7.5AT3 




5-23 


1.5SMC75AT3 


1.5SMC75AT3 




5-23 


I .OOlVIUO.cA I 


i . joivivu.tin i o 




5-23 


1 ^MrAOAT"} 


1 ^^Mnfi^AT^ 

1 .OOlVlWOtA 1 




5-23 


t .OOlVlL'y . 1 A 1 


1 ^MPQ 1 AT^ 

1 .Oolvlvs. In 1 




5-23 


1 ■0OlVll_'3 In 1 


1 .OoiVlL/y In 1 




5-23 


1 /9R90fl 




1 M^OfllR 
1 IVOcO 1 □ 


6-12 


i/oRonnA 

l/£ntUUA 




I I D 


R-19 






1 WUt-0 1 D 


O I c. 


1 /9RR fi 




1 INO^OOD 




1/2R6.8A 




1N5235B 


6-11 


1/2R6.8B 




1N5235B 


6-11 


1/4LZ2.2D 




1N5221B 


6-11 


1/4LZ2.2D10 




1N5221B 


6-11 


1/4LZ2.2D5 




1N5221B 


6-11 


1/4LZ6.8D 




1N5235B 


6-11 


1/4LZ6.8D10 




1N5235B 


6-11 


1/4LZ6.8D5 




1N5235B 


6-11 



Cross Reference and Index 
2-6 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Clmllav 

similar 


Page 


ill HMkAF 

Numoer 


Replacement 


Hepiacemeni 


Kl 1 1 m hop 


\!HN\ 1 \J\Ji. I U 




1N5971R 

I I N DiL 1 1 D 


6-12 


1 mmi nn75 




1N5971R 

I IHOc. 1 1 D 


6-12 


1/4M105Z10 




1N5272B 


6-12 


1/4M105Z5 




1N5272B 


6-12 


1 /ami n7i n 

l/*tlVl I Ui. I U 




1 N59A0R 


6-11 


i/AMin75 




1 N5940R 


6-11 


l/*flVI \ lUi. I u 




1 N5979R 


6-12 


1 /AM 11 075 




1 N5979R 


6-12 


1/AM1171H 




1N5941R 


6-11 


1/AM1175 

l/HIVI ! \L.O 




1N59A1R 


6-11 


1/AM19fl71fi 
l/tlvl \c\jL I U 




1N5971R 


6-12 


1/AM19H75 
l/*+IVI I CULO 




1 N5971R 

1 IN ( OD 


6-12 


1/4M12Z10 




1N5242B 


6-11 


1/4M12Z5 




1N5242B 


6-11 


1MM1^fl7m 

l/HIVI I GUl- 1 U 




1 NJ5974R 


6-12 


1/AMl^n75 




1 N5974R 


6-12 


1/4M1 vm 

l/HIVI 1 OX 1 u 




1 N59A3R 


6-11 


1 /AM 1^75 

I/4IVI I OLD 




1 N59A3R 


6-11 


1/4M14fl7m 
I/4IVI I HUi. I U 




1 NJ5975R 
1 ViOc.1 JD 


6-12 


1 /AM 14075 




1 N5975R 


fi-19 
U" l£ 


1 /AM1 A71 fl 
l/*HVJ 1 1 U 




1 M59AAR 


fi-11 


1 IA Ml/ 7ft 




I ND*:44D 


D-l 1 


1/4M150Z10 




1N5276B 


6-12 


1/4M150Z5 




1N5276B 


6-12 


l/'+ivl lot. I u 






fi_1 1 
D-l 1 


1 1A\H R7K 
l/4fvilOZ.O 






D-n 


1 MM1A71 n 






r 1 1 
D-n 


1 MM1 R7R 
I/4M I 0&.0 




1 MR9ARR 


A 11 


1/AM1 7571m 




1 KI597QR 


0- It 


1 /AM 17575 




1 M597QR 




1/AM1771D 
l/HIVI I ( L IU 




1 N59A7R 


6-11 


1/AM1775 




1 N59A7R 


fi-11 

w - 1 I 


1/4M18Z10 




1N5248B 


6-11 


1/4M18Z5 




1N5248B 


6-11 


I /4IVI I *3L. I U 




1 N59AQR 


fi-11 

I I 


1/AM1Q75 

1 /*+IVl 1 3£_J 




1 KI59AQR 


6-11 


1/AM9 AA71H 




1 M5999R 


D-l 1 


1/AM9 AA75 




1 M5999R 


fi-11 
D") 1 


1/AM9 7A710 




1 M599AR 


fi-11 
D-l I 


1/AM9 7A75 




1 N599AR 


fi-11 
D" I I 


i/4M9nn7m 




1 M59R1 R 


fi-19 


1 /4Mcnn75 




1 M59JM R 
I INO^u I D 


ft_19 
D- \C 


1/4M20Z10 




1N5250B 


6-11 


1/4M20Z5 




1N5250B 


6-11 


1/4M22Z10 




1N5251B 


6-11 


1/4M22Z5 




1N5251B 


6-11 


1/4M24Z10 




1N5252B 


6-11 


1/4M24Z5 




1N5252B 


6-11 


1/4M25Z10 




1N5253B 


6-11 


1/4M25Z5 




1N5253B 


6-11 



CF = consult factory representative 



inuusiry 


moiuroia 


muiuiuia 




Dart 

ran 


nirart 


Similar 


Page 


Klumhfir 
numucr 




Rpnlarpmpnt 


Number 


1/4M27Z10 




1N5254B 


6-11 


1/4M27Z5 




1N6254B 


6-11 


1/4M3.0AZ10 




1N5226B 


6-11 


1/4M3.0AZ5 




1N5225B 


6-11 


1/4M3 3AZ10 




1N6226B 


6-11 


1/4M3 3AZ5 




1N5226B 


6-11 


1 /4M3 6AZ1 




1N5227B 


6-11 


1/4M3 6AZ5 




1 N5227B 


6-11 


1/4M3 9AZ10 




1N5228B 


6-11 


1/4M3.9AZ5 




1N5228B 


6-11 


1/4M30Z10 




1N5256B 


6-11 


1/4M30Z5 




1N5256B 


6-11 


1/4M33Z10 




1N5267B 


6-11 


1/4M33Z5 




1N5257B 


6-11 


1/4M36Z10 




1N6258B 


6-11 


1/4M36Z5 




1N5258B 


6-11 


1/4M39Z10 




1N5259B 


6-11 


1/4M39Z5 




1N5259B 


6-11 


1/4M4.3AZ10 




1N5229B 


6-11 


1/4M4.3AZ5 




1 N5229B 


6-11 


1/4M4 7AZ10 




1 N5230B 


6-11 


1 MM4 7 A 75 




1 N5230B 


6-11 


1/4M43Z10 




1N5260B 


6-11 


1/4M43Z5 




1N5260B 


6-11 


1 /4M4571 

1 / 1 tlVl 1 t3iL 1 U 




1 N59R1 R 


6-11 


1 MM4575 




1 N59R1 R 


6-11 


1/4M477in 

I 1 HIVI L T /LIU 




1N5261B 


6-11 


1 /4M4775 




1N5261B 


6-11 


1/4M5 1AZ10 




1 N5231 B 


6-11 


1/4M5.1AZ5 




1N5231B 


6-11 


1/4M5.6AZ10 




1N5232B 


6-11 


1/4M5.6AZ5 




1N5232B 


6-11 


1/4M50Z10 




1N5262B 


6-11 


1/4M50Z5 




1N5262B 


6-11 


1/4M52Z10 




1N5262B 


6-11 


1/4M52Z5 




1 N5262B 


6-11 


1/4M56Z10 




1 N5263B 


6-11 


1/4M56Z5 




1N5263B 


6-11 


1/4M6.2AZ10 




1 N5234B 


6-11 


1/4M6 ?AZ5 




1 N"i?34B 


6-11 


1/4M6 8Z1Q 




1 N5234B 


6-11 


1/4M6 8Z5 




1 NS234B 


6-11 


1/4M62Z10 




1N5265B 


6-11 


1/4M62Z5 




1N6265B 


6-11 


1/4M68Z10 




1N5266B 


6-12 


1/4M68Z5 




1N5266B 


6-12 


1/4M7.5Z10 




1N5236B 


6-11 


1/4M7.5Z5 




1N5236B 


6-11 


1/4M75Z10 




1N5267B 


6-12 


1/4M75Z5 




1N5267B 


6-12 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-7 



CROSS-REFERENCE (continued) 



InHi iQtru 
ii luuoii y 


Mntnmlfi 






Part 


Direct 


Similar 

«l 1 1 1 1 iHl 


Page 


Niimhpr 


Rpnlarpmpnt 

nc^/lawCI 1 191 1 1 


Rpnlarpmpnt 


Number 


1/4M8.2Z10 




1N5237B 


6-11 


1/4M8.2Z5 




1N5237B 


6-11 


1/4M82Z10 




1N5268B 


6-12 


1/4M82Z5 




1N5268B 


6-12 


1/4M9.1Z10 




1N5239B 


6-11 


1/4M9.1Z5 




1N5239B 


6-11 


1/4M91Z10 




1N5270B 


6-12 


1/4M91Z5 




1N5270B 


6-12 


1/4Z110D 




1N5272B 


6-12 


1/4Z110D10 




1N5272B 


6-12 


1/4Z110D5 




1N5272B 


6-12 


1/4Z6.8D 




1N5235B 


6-11 


1/4Z6.8D10 




1N5235B 


6-11 


1/4Z6.8D5 




1N5235B 


6-11 


1M110ZS10 


1M110ZS5 




6-36 


1M110ZS5 


1M110ZS5 




6-36 


1M120ZS10 


1M120ZS5 




6-36 


1M120ZS5 


1M120ZS5 




6-36 


1M130ZS10 


1M130ZS5 




6-36 


1M130ZS5 


1M130ZS5 




6-36 


1M150ZS10 


1M150ZS5 




6-36 


1M150ZS5 


1M150ZS5 




6-36 


1M160ZS10 


1M160ZS5 




6-36 


1M160ZS5 


1M160ZS5 




6-36 


1M180ZS10 


1M180ZS5 




6-36 


1M180ZS5 


1M180ZS5 




6-36 


1M200ZS10 


1M200ZS5 




6-36 


1 M200ZS5 


1M200ZS5 




6-36 


1N1313 




MZ4102 


6-17 


1N1313A 




MZ4102 


6-17 


1N1314 




1N4697 


6-10 


1N1314A 




1N4697 


6-10 


1N1315 




1N4700 


6-10 


1N1315A 




1N4700 


6-10 


1N1316 




1N4703 


6-10 


1N1316A 




1N4703 


6-10 


1N1317 




1N4706 


6-10 


1N1317A 




1N4706 


6-10 


1N1318 




1N4709 


6-10 


1N1318A 




1N4709 


6-10 


1N1319 




1N4712 


6-10 


1N1319A 




1N4712 


6-10 


1N1320 




1N4715 


6-10 


1N1320A 




1N4715 


6-10 


1N1321 




1N4717 


6-10 


1N1321A 




1N4717 


6-10 


1N1425 




1N4738A 


6-24 


1N1426 




1N4742A 


6-24 


1N1427 




1N4744A 


6-24 


1N1428 




1N4746A 


6-24 











CF = consult factory representative 





Mntnrnlfi 


Mntnrrtls 




Part 


Direct 


Similar 


Page 


Number 


ReDlacement 


Replacement 


Number 


1N1429 




1N4748A 


6-24 


1N1430 




1N4750A 


6-24 


1N1431 




1N4760A 


6-24 


1N1432 




1N4764A 


6-24 


1N1484 




1N4732A 


6-24 


1N1485 




1N4735A 


6-24 


1N1507 




1N4730A 


6-24 


1N1507A 




1N4730A 


6-24 


1N1508 




1N4732A 


6-24 


1N1608A 




1N4732A 


6-24 


1N1609 




1N4734A 


6-24 


1N1509A 




1N4734A 


6-24 


1N1510 




1N4736A 


6-24 


1N1510A 




1N4736A 


6-24 


1N1511 




1N4738A 


6-24 


1N1511A 




1N4738A 


6-24 


1N1512 




1N4740A 


6-24 


1N1512A 




1N4740A 


6-24 


1N1513 




1N4742A 


6-24 


1N1513A 




1N4742A 


6-24 


1N1514 




1N4744A 


6-24 


1N1514A 




IN4744A 


6-24 


1N1515 




1N4746A 


6-24 


1N1515A 




1N4746A 


6-24 


1N1516 




1N4748A 


6-24 


1N1516A 




1N4748A 


6-24 


1N1517 




1N4750A 


6-24 


1N1517A 




1N4760A 


6-24 


1N1518 




1N4730A 


6-24 


1N1518A 




1N4730A 


6-24 


1N1519 




1N4732A 


6-24 


1N1519A 




1N4732A 


6-24 


1N1520 




1N4734A 


6-24 


1N1520A 




1N4734A 


6-24 


1N1521 




1N4736A 


6-24 


1N1521A 




1N4736A 


6-24 


1N1522 




1N4738A 


6-24 


1N1522A 




1N4738A 


6-24 


1N1523 




1N4740A 


6-24 


1N1623A 




1N4740A 


6-24 


1N1524 




1N4742A 


6-24 


1N1524A 




1N4742A 


6-24 


1N1525 




1N4744A 


6-24 


1N1625A 




1N4744A 


6-24 


1N1526 




1N4746A 


6-24 


1N1526A 




1N4746A 


6-24 


1N1527 




1N4748A 


6-24 


1N1527A 




1N4748A 


6-24 


1N1528 




1N4750A 


6-24 


1N1528A 




1N4750A 


6-24 



Cross Reference and Index 
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Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



inuusiry 


ivioior Old 


mUlUIUId 




Dart 

ran 


nirort 


OIITIIIOT 




Kl ■ ■ m kop 


nepiauemeni 


ncpiairCulclll 


Numhpr 

I1UII luCI 


1N1735 




1N823 


8-2 


1N1744 




1 N4740A 


6-24 


1N1765 




1N4734A 


6-24 


1N1765A 




1N4734A 


6-24 


1N1766 




1N4735A 


6-24 


1N1766A 




1N4735A 


6-24 


1N1767 




1N4736A 


6-24 


1N1767A 




1N4736A 


6-24 


1N1768 




1N4737A 


6-24 


1N1768A 




1N4737A 


6-24 


1N1769 




1N4738A 


6-24 


1N1769A 




1N4738A 


6-24 


1N1770 




1N4739A 


6-24 


1N1770A 




1N4739A 


6-24 


1N1771 




1 N4740A 


6-24 


1N1771A 




1N4740A 


6-24 


1N1772 




1N4741A 


6-24 


1N1772A 




1N4741A 


6-24 


1N1773 




1 N4742A 


6-24 


1N1773A 




1 N4742A 


6-24 


1N1774 




1 N4743A 


6-24 


1N1774A 




1 N4743A 


6-24 


1N1775 




1N4744A 


6-24 


1N1775A 




1N4744A 


6-24 


1N1776 






6-24 


1N1776A 




1 N4745A 


6-24 


1N1777 




1 N4746A 


6-24 


1N1777A 




1 N4746A 


6-24 


1N1778 




1 N4747A 


6-24 


1N1778A 




1 N4747A 


6-24 


1N1779 




1N4748A 


6-24 


1N1779A 




1 N4748A 


6-24 


1N1780 




1N4749A 


6-24 


1N1780A 




1N4749A 


6-24 


1N1781 




1 N4750A 


6-24 


1N1781A 




1N4750A 


6-24 


1N1782 




1N4751A 


6-24 


1N1782A 




1N4751A 


6-24 


1N1783 




1 N4752A 


6-24 


1N1783A 




1 N4752A 


6-24 


1 N 1 784 




1 N4753A 


6-24 


1N1784A 




1 N47 I i'?A 


6-24 


1N1785 




1N4754A 


6-24 


1N1785A 




1N4754A 


6-24 


1N1786 




1N4755A 


6-24 


1N1786A 




1N4755A 


6-24 


1N1787 




1N4756A 


6-24 


1N1787A 




1N4756A 


6-24 


1N1788 




1N4757A 


6-24 


1N1788A 




1N4757A 


6-24 



CF = consult factory representative 



ii iuuou y 


Mntnrnln 


iiiw iw i uia 




Part 


Direct 


Similar 


Paae 


Ni imKpr 


Rpnlflfpmpnt 


Replacement 


Number 


1N1789 




1N4758A 


6-24 


1N1789A 




1N4758A 


6-24 


1N1790 




1N4759A 


6-24 


1N1790A 




1N4759A 


6-24 


1N1791 




1N4760A 


6-24 


1N1791A 




1N4760A 


6-24 


1N1792 




1N4761A 


6-24 


1N1792A 




1N4761A 


6-24 


1N1793 




1N4762A 


6-24 


1N1793A 




1N4762A 


6-24 


1N1794 




1N4763A 


6-24 


1N1794A 




1N4763A 


6-24 


1N1795 




1N4764A 


6-24 


1N1795A 




1N4764A 


6-24 


1N1796 




1M110ZS5 


6-36 


1N1796A 




1M110ZS5 


6-36 


1N1797 




1M120ZS5 


6-36 


1N1797A 




1M120ZS5 


6-36 


1N1798 




1M130ZSS 


6-36 


1N1798A 




1M130ZS6 


6-36 


1N1799 




1M150ZS5 


6-36 


1N1799A 




1M150ZS6 


6-36 


1N1800 




1M160ZS5 


6-36 


1N1800A 




1M160ZS5 


6-36 


1N1801 




1M180ZS5 


6-36 


1N1801A 




1M180ZS5 


6-36 


1N1802 




1M200ZS5 


6-36 


1N1802A 




1M200ZS5 


6-36 


1N1876 




1N4740A 


6-24 


1N1877 




1 N4742A 


6-24 


1N1878 




1N4744A 


6-24 


1N1879 




1N4746A 


6-24 


1N1880 




1N4748A 


6-24 


1N1881 




1N4750A 


6-24 


1N1882 




1N4752A 


6-24 


1N1883 




1N4754A 


6-24 


1N1884 




1N4756A 


6-24 


1N1885 




1N4758A 


6-24 


1N1886 




1N4760A 


6-24 


1N1887 




1N4762A 


6-24 


1N1888 




1N4764A 


6-24 


1N1927 




1N5228B 


6-11 


1N1928 




1N5230B 


6-11 


1N1929 




1N5232B 


6-11 


1N1930 




1N5236B 


6-11 


1N1931 




1N5237B 


6-11 


1N1932 




1N5240B 


6-11 


1N1933 




1N5242B 


6-11 


1N1934 




1N5245B 


6-11 


1N1935 




1N5248B 


6-11 



Motorola TVS/Zener Device Data 
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CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N1936 




1N5251B 


6-11 


1N1937 




1N5254B 


6-11 


1N1938 




1N5257B 


6-11 


1N1939 




1 N5259B 


6-11 


1N1940 




1N5261B 


6-11 


1N1941 




1N5263B 


6-11 


1N1942 




1N5266B 


6-12 


1N1943 




1N5268B 


6-12 


1N1944 




1N5271B 


6-12 


1N1945 




1N5273B 


6-12 


1N1946 




1N5276B 


6-12 


1N1947 




1N5279B 


6-12 


1N1954 




1N5228B 


6-11 


1N1955 




1N5230B 


6-11 


1N1956 




1N5232B 


6-11 


1N1957 




1N5235B 


6-11 


1N1958 




1N5237B 


6-11 


1N1959 




1N5240B 


6-11 


1N1960 




1N5242B 


6-11 


1N1961 




1N5245B 


6-11 


1N1962 




1N5248B 


6-11 


1N1963 




1N5251B 


6-11 


1N1964 




1N5254B 


6-11 


1N1965 




1N5257B 


6-11 


1N1966 




1N5259B 


6-11 


1N1967 




1N5261B 


6-11 


1N1968 




1N5263B 


6-11 


1N1969 




1N5266B 


6-12 


1N1970 




1N5268B 


6-12 


1N1971 




1N5271B 


6-12 


1N1972 




1N5273B 


6-12 


1N1973 




1N5276B 


6-12 


1N1974 




1N5279B 


6-12 


1N1981 




1 N5228B 


6-11 


1N1982 




1N5230B 


6-11 


1N1983 




1N5232B 


6-11 


1N1984 




1N5235B 


6-11 


1N1985 




1N5237B 


6-11 


1N1986 




1N5240B 


6-11 


1N1987 




1N5242B 


6-11 


1N1988 




1N5245B 


6-11 


1N1989 




1N5248B 


6-11 


1N1990 




1N5251B 


6-11 


1N1991 




1N5254B 


6-11 


1N1992 




1N5257B 


6-11 


1N1993 




1N5259B 


6-11 


1N1994 




1N5261B 


6-11 


1N1995 




1N5263B 


6-11 


1N1996 




1N5266B 


6-12 


1N1997 




1N5268B 


6-12 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N1998 




1N5271B 


6-12 


1N1999 




1N5273B 


6-12 


1N2000 




1N5276B 


6-12 


1 N2001 






0-1*1 


1N2032 




1N4733A 


6-24 


1N2032A 




1N4733A 


6-24 


1N2033 




1N4734A 


6-24 


1N2033A 




1N4734A 


6-24 


1N2034 




1N4736A 


6-24 


1N2034A 




1N4736D 


6-24 


1N2035 




1N4739A 


6-24 


1N2035A 




1N4739D 


6-24 


1N2036 




1N4741A 


6-24 


1 N2036A 




1N4741D 


6-24 


1N2037 




1N4743A 


6-24 


1N2037A 




1N4743D 


6-24 


1N2038 




1N4745A 


6-24 


1N2038A 




1N4745D 


6-24 


1N2039 




1N4747A 


6-24 


1N2039A 




1N4747D 


6-24 


1N2040 




1N4749A 


6-24 


1N2040A 




1N4749C 


6-24 


1N2387 




1N4751A 


6-24 


1N2765 




1 N823A 


8-2 


1N2765A 




1N825A 


8-2 


1N3016 




MZP4736A 


6-36 


1N3016A 




MZP4736A 


6-36 


1N3016B 




MZP4736A 


6-36 


1N3017 




MZP4737A 


6-36 


1N3017A 




MZP4737A 


6-36 


1N3017B 




MZP4737A 


6-36 


1N3018 




MZP4738A 


6-36 


1N3018A 




MZP4738A 


6-36 


1N3018B 




MZP4/38A 


6-36 


1N3019 




MZP4739A 


6-36 


1N3019A 




MZP4739A 


6-36 


1N3019B 




MZP4739A 


6-36 


1N3020 




MZP4740A 


6-36 


1N3020A 




MZP4740A 


6-36 


1N3020B 




MZP4740A 


6-36 


1N3021 




MZP4741A 


6-36 


1N3021A 




MZP4741A 


6-36 


1N3021B 




MZP4741A 


6-36 


1 N3022 




MZP4742A 


6-36 


1N3022A 




MZP4742A 


6-36 


1N3022B 




MZP4742A 


6-36 


1N3023 




MZP4743A 


6-36 


1N3023A 




MZP4743A 


6-36 


1N3023B 




MZP4743A 


6-36 


1N3024 




MZP4744A 


6-36 



Cross Reference and Index 
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Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


■Niurnucr 






M7P4744A 


6-36 


1 INOUiiHD 




M7P4744A 


6-36 


1N3025 




MZP4745A 


6-36 


1N3025A 




MZP4745A 


6-36 


1 INOUtuD 




M7P474RA 


6-36 


I INOU^O 




M7P474.fi A 

IVIt.r HI H\Jr\ 


6-36 






M7P474RA 
IYl£.r4/ tun 


6-36 


1r\nfl9RR 




M7P474RA 
\V\LrHi Hon 


6-36 


I INOUc/ 




M7P4747A 
Sy\£.rHI H / n 


6-36 


1Min?7A 
1 INOU£/ n 




M7P4747A 
lyli.rt / HI n. 


6-36 


1 INOUt / □ 




M7P4747A 
\V\£.rHI HI n 


6-36 


1 iNOUtu 




M7P474RA 

fVIi.r4/ HOn 


6-36 


1N3028A 




MZP4748A 


6-36 


1N3028B 




MZP4748A 


6-36 


I Nou^y 




M7P474QA 


6-36 






M7P474QA 
mi.r4/ Hon 


6-36 






M7P474QA 


fi-^R 


I INOUOU 




M7P47^nA 

IVIi.r1/ OUn 


6-36 


1 INOUOUM 




M7P475DA 
IVIiCrH/ OUn 


6-36 


1 INOUOUD 




M7P47RHA 
MZ-rH/ OUn 


U"00 


I NOUO I 




[ViZ.rH/0 In 


R ^fi 
- 00 


I tnouo i a 




MZ.rH/0 In 


COR 


1N3031B 




MZP4751A 


6-36 


1N3032 




MZP4752A 


6-36 


I fNOUOtn 




U70M7E9A 


U"00 


I IN OUO^lD 




M7P47CI9A 


R_1R 


I INOUOO 




Mir** / OOn 


R 1R 
0-00 


I IN OUOOn 




IVi£.r4700n 


R "5R 

o-oo 


1 INOUOOD 




M7PA7R9A 


fi-^fi 

o-oo 


I fNOUOH 




M7PA7^4A 
Mirt/ 04n 


fi-^fi 
o-oo 


I INOUOHn 




M7P47MA 
FVliLrH/ 04n 


0~00 


1 IN0U04D 




M7P47MA 


0^00 


1N3035 




MZP4755A 


6-36 


1N3035A 




MZP4755A 


6-36 


1 INOUOOD 




M7P47RRA 
vfli^rHi OOn 


0"00 


I INOUOO 




M7P47RRA 


0-00 


i inouooiH 




M7PA7RRA 
Ivii.r'J/ OOn 


COR 
0-00 


1 INOUOOD 




M7P47£RA 


0-00 


1M4A47 
1 INOUO/ 




M7P47R7A 


fi-^fi 

o-oo 


I INOUO /M 




M7PA7R7A 


R Ifi 
0-00 


1 IN JUO/ D 




M7P,17R7A 
vnLVHi Of n 


o-oo 


1 INOUOO 




M7P47RRA 
Mi. r 47 OOn 


COR 
0-00 


1N3038A 




MZP4758A 


6-36 


1N3038B 




MZP4758A 


6-36 


1N3039 




MZP4759A 


6-36 


1N3039A 




MZP4759A 


6-36 


1N3039B 




MZP4759A 


6-36 


1N3040 




MZP4760A 


6-36 


1N3040A 




MZP4760A 


6-36 


1N3040B 




MZP4760A 


6-36 



CF = consult factory representative 



Industry 


Motorola 


mOlOl Old 




Dart 

ran 


uireci 


similar 


r aye 


iNjmuer 


nepiacemeni 


Donlaoomont 

ncpiaCcriicni 


Mi imhpr 

HUM 1 Ucl 


1N3041 




MZP4761A 


6-36 


1N3041A 




MZP4761A 


6-36 


1N3041B 




MZP4761A 


6-36 


1N3042 




MZP4762A 


6-36 


1 N3042A 




MZP4762A 


6-36 


1 N3042B 




MZP4762A 


6-36 


1 N3Q43 




MZP4763A 


6-36 


1 N3043A 




MZP4763A 


6-36 


1 N3043B 




MZP4763A 


6-36 


1 N3044 




MZP4764A 


6-36 


1 N3044A 




MZP4764A 


6-36 


1 N3044B 




MZP4764A 


6-36 


1N3045 




1M110ZS5 


6-36 


1N3045A 




1M110ZS5 


6-36 


1 N3045B 




1M110ZS5 


6-36 


1 N3046 




1M120ZS5 


6-36 


1 N3046A 




1M120ZS5 


6-36 


1N3046B 




1M120ZS5 


6-36 


1N3047 




1 M1 30ZS5 


6-36 


1 N3047A 




1M130ZS5 


6-36 


1N3047B 




1M130ZS5 


6-36 


1 IVvJUtO 




1M15DZS5 

1 IVI 1 JULuO 


6-36 


1N3048A 




1M150ZS5 


6-36 


1N3048B 




1M150ZS5 


6-36 


1N304Q 




1M160ZS5 

1 IVI 1 UULOJ 


6-36 


1 KH04QA 




1M160ZS5 

1 IVI 1 UULuw 


6-36 


1 IvOUHalJ 




1 IVI 1 UUi.OJ 


6-36 






1M180ZS5 

1 IVI 1 UVLU^J 


6-36 


1 N3050A 




1M180ZS5 

1 IVI 1 UUi-vu 


6-36 


1N3050B 




1M180ZS5 

1 IVI 1 \J\Ji—\J^J 


6-36 


1 N3051 




1M200ZS5 


6-36 


1N3051A 




1 M200ZS5 


6-36 


1N3051B 




1M200ZS5 


6-36 


1N3098 




1M120ZS6 


6-36 


1 N3098A 




1M120ZS6 


6-36 


1 N3099 




1 M1 50ZS5 


6-36 


1N3099A 




1 M1 50ZS5 

1 IVI 1 


6-36 


1N3100 




1 M1 80ZS5 


6-36 


1 N31 00A 




1M180ZS5 

1 ivi ] uyt-Uu 


6-36 


1N3101 




1 M200ZS5 


6-36 


1 1 1 *J 1 U In 






6-36 


1N3112 




1 N47T7A 


6-24 


1N3181 




1N5237B 


6-11 


1N3198 




1N5221B 


6-11 


1N3411 




1N5234B 


6-11 


1N3412 




1N5235B 


6-11 


1N3413 




1N5236B 


6-11 


1N3414 




1N5237B 


6-11 


1N3415 




1N5240B 


6-11 


1N3416 




1N5242B 


6-11 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-11 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Paae 


Number 


Replacement 


Replacement 


Number 


1N3417 




1N5245B 


6-11 


1N3418 




1N5248B 


6-11 


1N3419 




1N5251B 


6-11 


1N3420 




1 N5254B 


6-11 


1N3421 




1N5256B 


6-11 


1N3422 




1N5257B 


6-11 


1N3423 




1N5259B 


6-11 


1N3424 




1N5261B 


6-11 


1N3425 




1N5263B 


6-11 


1N3426 




1N5266B 


6-12 


1N3427 




1N5268B 


6-12 


1N3428 




1N5271B 


6-12 


1N3429 




1N5273B 


6-12 


1N3430 




1 N5276B 


6-12 


1N3431 




1N5279B 


6-12 


1N3432 




1N5281B 


6-12 


1N3443 




3EZ6.2D5 


6-33 


1N3444 




3EZ6.8D5 


6-33 


1N3445 




3EZ8.2D5 


6-33 


1N3446 




3EZ10D5 


6-33 


1N3447 




3EZ12D5 


6-33 


1N3448 




3EZ15D5 


6-33 


1N3449 




3EZ18D5 


6-33 


1N3450 




3EZ22D5 


6-33 


1N3451 




3EZ2705 


6-33 


1N3452 




3EZ30D5 


6-33 


1N3453 




3EZ33D5 


6-33 


1N3454 




3EZ39D5 


6-33 


1N3455 




3EZ47D5 


6-33 


1N3456 




3EZ56D5 


6-33 


1N3457 




3EZ68D5 


6-33 


1N3458 




3EZ82D5 


6-33 


1N3459 




3EZ100D5 


6-33 


1 N3460 




3EZ120D5 


6-33 


1N3461 




3EZ150D5 


6-33 


1N3462 




3EZ180D5 


6-33 


1N3463 




3EZ220D5 


6-34 


1N3477 




1N5985B 


6-13 


1N3477A 




1 N5985B 


6-13 


1N3506 




1 N5226B 


6-11 


1N3507 




1N5227B 


6-11 


1N3508 




1N5228B 


6-11 


1N3509 




1N5229B 


6-11 


1N3510 




1N5230B 


6-11 


1N3511 




1N5231B 


6-11 


1N3512 




1N5232B 


6-11 


1N3513 




1N5234B 


6-11 


1N3514 




1N5235B 


6-11 


1N3515 




1N5236B 


6-11 


1N3516 




1N5237B 


6-11 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N3517 




1N5239B 


6-11 


1N3518 




1N5240B 


6-11 


1N3519 




1N5241B 


6-11 


1N3520 




1N5242B 


6-11 


1N3521 




1N5243B 


6-11 


1N3522 




1N5245B 


6-11 


1N3523 




1N5246B 


6-11 


1N3524 




1N5248B 


6-11 


1N3525 




1N5250B 


6-11 


1N3526 




1N6261B 


6-11 


1N3527 




1N5252B 


6-11 


1N3528 




1N6254B 


6-11 


1N3529 




1N5256B 


6-11 


1N3530 




1N5257B 


6-11 


1N3531 




1N5258B 


6-11 


1N3532 




1N5259B 


6-11 


1N3533 




1N5260B 


6-11 


1N3534 




1N5261B 


6-11 


1N3553 




1N821 


8-2 


1N3675 




1N4736A 


6-24 


1N3675A 




1N4736A 


6-24 


1N3675B 




1N4736A 


6-24 


1N3676 




1N4737A 


6-24 


1N3676A 




1N4737A 


6-24 


1N3676B 




1N4737A 


6-24 


1N3677 




1N4738A 


6-24 


1N3677A 




1N4738A 


6-24 


1N3677B 




1N4738A 


6-24 


1N3678 




1N4739A 


6-24 


1N3678A 




1N4739A 


6-24 


1N3678B 




1N4739A 


6-24 


1N3679 




1N4740A 


6-24 


1N3679A 




1N4740A 


6-24 


1 N3679B 




1N4740A 


6-24 


1N3680 




1N4741A 


6-24 


1N3680A 




1N4741A 


6-24 


1N3680B 




1N4741A 


6-24 


1N3681 




1N4742A 


6-24 


1N3681A 




1N4742A 


6-24 


1N3681B 




1N4742A 


6-24 


1N3682 




1N4743A 


6-24 


1N3682A 




1N4743A 


6-24 


1N3682B 




1N4743A 


6-24 


1N3683 


% 


1N4744A 


6-24 


1N3683A 




1N4744A 


6-24 


1N3683B 




1N4744A 


6-24 


1N3684 




1N4745A 


6-24 


1N3684A 




1N4745A 


6-24 


1N3684B 




1N4745A 


6-24 


1N3685 




1N4746A 


6-24 



Cross Reference and Index 
2-12 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Inriimtrv 


Motorola 

ifiL/ lui via 


Motorola 




Part 


Direct 


Similar 


Paae 


Number 


Replacement 


Replacement 


Number 


1N3685A 




1N4746A 


6-24 


1N3685B 




1N4746A 


6-24 


1N3686 




1N4747A 


6-24 


1N3686A 




1 N4747A 


6-24 


1N3686B 




1N4747A 


6-24 


1N3687 




1N4748A 


6-24 


1N3687A 




1N4748A 


6-24 


1N3687B 




1N4748A 


6-24 


1N3688 




1N4749A 


6-24 


1N3688A 




1N4749A 


6-24 


1N3688B 




1N4749A 


6-24 


1N3689 




1N4750A 


6-24 


1N3689A 




1N4750A 


6-24 


1N3689B 




1N4750A 


6-24 


1N3690 




1N4751A 


6-24 


1N3690A 




1N4751A 


6-24 


1N3690B 




1N4751A 


6-24 


1N3691 




1N4752A 


6-24 


1N3691A 




1 N4752A 


6-24 


1N3691B 




1 N4752A 


6-24 


1N3692 




1 N4753A 


6-24 


1N3692A 




1N4753A 


6-24 


1N3692B 




1N4753A 


6-24 


1N3693 




1N4754A 


6-24 


1N3693A 




1 N4754A 


6-24 


1N3693B 




1N4754A 


6-24 


1N3694 




1N4755A 


6-24 


1N3694A 




1N4755A 


6-24 


1N3694B 




1N4755A 


6-24 


1N3695 




1N4756A 


6-24 


1N3695A 




1N4756A 


6-24 


1N3695B 




1N4756A 


6-24 


1N3696 




1N4757A 


6-24 


1 N3696A 




1N4757A 


6-24 


1N3696B 




1N4757A 


6-24 


1N3697 




1N47S8A 


6-24 


1N3697A 




1N4758A 


6-24 


1N3697B 




1N4758A 


6-24 


1N3698 




1N4759A 


6-24 


1N3698A 




1N4759A 


6-24 


1N3698B 




1N4759A 


6-24 


1N3699 




1N4760A 


6-24 


1N3699A 




1N4760A 


6-24 


1N3699B 




1N4760A 


6-24 


1N370 




1N5221B 


6-11 


1N3700 




1N4761A 


6-24 


1N3700A 




1N4761A 


6-24 


1N3700B 




1N4761A 


6-24 


1N3701 




1N4762A 


6-24 


1N3701A 




1N4762A 


6-24 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N3701B 




1N4762A 


6-24 


1N3702 




1N4763A 


6-24 


1N3702A 




1N4763A 


6-24 


1N3702B 




1N4763A 


6-24 


1N3703 




1N4764A 


6-24 


1N3703A 




1N4764A 


6-24 


1N3703B 




1N4764A 


6-24 


1N3704 




1M110ZS5 


6-36 


1N3704A 




1M110ZS5 


6-36 


1N3704B 




1M110ZS5 


6-36 


1N3705 




1M120ZS5 


6-36 


1N3705A 




1M120ZS5 


6-36 


1N3705B 




1M120ZS5 


6-36 


1N3706 




1M130ZS5 


6-36 


1N3706A 




1M130ZS5 


6-36 


1N3706B 




1M130ZS5 


6-36 


1N3707 




1M150ZS5 


6-36 


1N3707A 




1M150ZS5 


6-36 


1N3707B 




1M150ZS5 


6-36 


1N3708 




1M160ZS5 


6-36 


1N3708A 




1M160ZS5 


6-36 


1N3708B 




1M160ZS5 


6-36 


1N3709 




1M180ZS5 


6-36 


1N3709A 




1M180ZS5 


6-36 


1N3709B 




1M180ZS5 


6-36 


1N371 




1N5221B 


6-11 


1N3710 




1M200ZS5 


6-36 


1N3710A 




1M200ZS5 


6-36 


1N3710B 




1M200ZS5 


6-36 


1N372 




1N5225B 


6-11 


1N373 




1N5227B 


6-11 


1N374 




1N5229B 


6-11 


1N375 




1N5230B 


6-11 


1N376 




1N5233B 


6-11 


1N377 




1N5236B 


6-11 


1N378 




1N5238B 


6-11 


1N3786 




1N5921B 


6-31 


1N3785A 




1N5921B 


6-31 


1N3785B 




1N5921B 


6-31 


1N3786 




1N5922B 


6-31 


1N3786A 




1N5922B 


6-31 


1N3786B 




1N5922B 


6-31 


1N3787 




1N5923B 


6-31 


1N3787A 




1N5923B 


6-31 


1N3787B 




1N5923B 


6-31 


1N3788 




1N5924B 


6-31 


1N3788A 




1N5924B 


6-31 


1N3788B 




1N5924B 


6-31 


1N3789 




1N5925B 


6-31 


1N3789A 




1N5925B 


6-31 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-13 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N3789B 




1N5925B 


6-31 


1N379 




1N5240B 


6-11 


1N3790 




1N5926B 


6-31 


INo/yUA 




I iNDy £ DO 


DO I 


1N3790B 




1N5926B 


6-31 


1N3791 




1N5927B 


6-31 


1N3791A 




1N5927B 


6-31 


1N3791B 




1N5927B 


6-31 


1N3792 




1N5928B 


6-31 


1N3792A 




1N5928B 


6-31 


1N3792B 




1N5928B 


6-31 


1N3793 




1N5929B 


6-31 


1N3793A 




1N5929B 


6-31 


1 N3793B 




1 N5929B 


6-31 


1N3794 




1N5930B 


6-31 


1N3794A 




1N5930B 


6-31 


1N3794B 




1N5930B 


6-31 


1N3795 




1N5931B 


6-31 


1N3795A 




1N5931B 


6-31 


1N3795B 




1N5931B 


6-31 


1N3796 




1N5932B 


6-31 


1N3796A 




1N5932B 


6-31 


1N3796B 




1N5932B 


6-31 


1 N3797 




1 N5933B 


6-31 


1N3797A 




1N5933B 


6-31 


1N3797B 




1N5933B 


6-31 


1N3798 




1N5934B 


6-31 


1N3798A 




1N5934B 


6-31 


1N3798B 




1N5934B 


6-31 


1N3799 




1N5935B 


6-31 


1N3799A 




1N5935B 


6-31 


1N3799B 




1N5935B 


6-31 


1N380 




1N5243B 


6-11 


1 N3800 




1N5936B 


6-31 


1N3800A 




1N5936B 


6-31 


1N3800B 




1N5936B 


6-31 


1N3801 




1N5937B 


6-31 


1N3801A 




1N5937B 


6-31 


1N3801B 




1N5937B 


6-31 


1N3802 




1N5938B 


6-31 


1N3802A 




1N5938B 


6-31 


1N3802B 




1N5938B 


6-31 


1N3803 




1N5939B 


6-31 


1N3803A 




1N5939B 


6-31 


1N3803B 




1N5939B 


6-31 


1N3804 




1N5940B 


6-31 


1N3804A 




1N5940B 


6-31 


1N3804B 




1N5940B 


6-31 


1N3805 




1N5941B 


6-31 


1N3805A 




1N5941B 


6-31 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N3806B 




1N5941B 


6-31 


1N3806 




1N5942B 


6-31 


1 1M3806A 




1N5942B 


6-31 


1 INOOUOD 




1 N5942B 


6-31 


1N3807 




1N5943B 


6-31 


1N3807A 




1N5943B 


6-31 


1N3807B 




1N5943B 


6-31 


1N3808 




1N6944B 


6-31 


1N3808A 




1N6944B 


6-31 


1N3808B 




1N5944B 


6-31 


1N3809 




1N6945B 


6-31 


1N3809A 




1N5945B 


6-31 


1N3809B 




1N5945B 


6-31 






I INot'tOD 




1N3810 




1N5946B 


6-31 


1N3810A 




1N5946B 


6-31 


1N3810B 




1N5946B 


6-31 


1N3811 




1N5947B 


6-31 


1N3811A 




1N5947B 


6-31 


1N3811B 




1N6947B 


6-31 


1N3812 




1N5948B 


6-31 


1N3812A 




1N5948B 


6-31 


1N3812B 




1N5948B 


6-31 


1 Mini t 




1 M^QAQR 

i i"joy*tyo 


0^0 1 


1N3813A 




1N5949B 


6-31 


1N3813B 




1N5949B 


6-31 


1N3814 




1N5950B 


6-31 


1N3814A 




1N5950B 


6-31 


1N3814B 




1N5950B 


6-31 


1N3815 




1N5951B 


6-31 


1N3815A 




1N5951B 


6-31 


1N3815B 




1N5951B 


6-31 


1N3816 




1N5952B 


6-31 


1 INOO 1 On 






DO I 


1N3816B 




1N5952B 


6-31 


1N3817 




1N5953B 


6-31 


1N3817A 




1N5953B 


6-31 


1N3817B 




1N5953B 


6-31 


1N3818 




1N5964B 


6-31 


1N3818A 




1N5954B 


6-31 


1N3818B 




1N5954B 


6-31 


1N3819 




1N5955B 


6-31 


1N3819A 




1N5955B 


6-31 


4 iioo4 nn 

1N3819B 




1 N6955B 


6-31 


1N382 




1N5249B 


6-11 


1N3820 




1N5956B 


6-31 


1N3820A 




1N5956B 


6-31 


1N3820B 




1N5956B 


6-31 


1N3821 




MZP4728A 


6-36 


1N3821A 




MZP4728A 


6-36 



Cross Reference and Index 
2-14 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


CImIIbp 

similar 


Page 


Numoer 


Replacement 


Replacement 


Mi i m Knr 

nuinwr 






M7P479QA 


6-36 


1 INOOttn 




M7PA79QA 
IVlLrtf con 




1N3823 




MZP4730A 


6-36 


1N3823A 




MZP4730A 


6-36 


1 N3824 




M7P47'?1 A 


6-36 


1 W*fl94A 




M7P4711 A 


6-36 


1 t\nfi9R 




M7P47**9A 


6-36 


1 WW95A 

I l\OOtwn 






6-36 


1 KftR9fi 




U7P47a3A 


6-36 


1 N W9fiA 




MZP4713A 


6-36 


1M0QO7 
1 WOOc. 1 




M7P47^4A 

lyitrti 04M 


6-36 


1 W^fi97A 




M7P47T4A 
Mi.r*t» OHM 


D-Ou 


1N3828 




MZP4735A 


6-36 


1N3828A 




MZP4735A 


6-36 






M7P47^RA 
[Vi£.r4f OOn 


R-^R 
0-00 


1 KHA9QA 




M7P47^RA 
rvi£.r4/00n 


0-00 


i nooo 




1 NR9R9R 


R-11 
0- I I 


I NOOoU 




M7P47'V7A 
N\L~H( 0/ n 


fi-^fi 

0"00 


I l<iOOOUn 




M7P47^7A 
fVltrf / / n 


R-^fi 
0"00 


1 KHA4 
I MOO 4 






0" I I 


IhJQQC 

1 ihooo 








1 MQQC 
lNOOO 






R 11 


1N387 




1N5261B 


6-11 


1N3951 




1N5934B 


6-31 


1 M/irn r 

l IwU 1 




1 MfiOfiQ A 


A 17 


1 r\i4l"l1 RA 
I IWU I On 




i iMotoyrt 


A 17 
4" I I 


1 N4m RR 

i rnu i od 




1 NR9RQA 
1 iNOcOyn 


4 17 


1N4017 




1 Wft97HA 

I INDc 1 Un 


A 17 
4- 1 / 


1N4017A 




1 Mfi97nA 
1 Vive. 1 Un 


4-17 


1N4fl17R 




1 WR97nA 
I ITOt / Un 


4 17 


1 N401 ft 

I linU I 




1 WR971 A 
I I w£ / I n 


4.17 


1N401RA 

1 irtu 1 on 




1 NR971 A 


4-17 


1N4018B 




1N6271A 


4-17 


1N4019 




1N6272A 


4-17 


1N4I11QA 

i iN4u i yn 




1 MR979A 

IrAvclcn 


A 17 
4-1 / 


1N4f11QR 




1 MC179A 
1 INOt f 


j( 17 
4-1 / 






1 MR97*3A 
I NOt / On 


A 17 


1 N4ft9HA 
l PWUtUn 




1 MCS074A 
I ViOtL f On 


A 17 
4-1 / 


1 N4ft9nR 




1 MA974A 
I vivt. I On 


A 17 

4-1 / 


1N4H91 




I MR974A 
1 INOt ( 4n 


A 17 
4-1 / 


1N4IT91A 




1 KJR974A 
1 1 HO c. 1 4n 


4-17 
4" 1 / 


1N4091R 




1 NR974A 


4-17 
4- 1 / 


1N4022 




1N6275A 


4-17 


1N4022A 




1N6275A 


4-17 


1N4022B 




1N6275A 


4-17 


1N4023 




1N6276A 


4-17 


1N4023A 




1N6276A 


4-17 


1N4023B 




1N6276A 


4-17 


1N4024 




1N6277A 


4-17 


1N4024A 




1N6277A 


4-17 



CF = consult factory representative 



Industry 


Moioroia 


Moioroia 




Dart 

ran 


u i re ct 


oim nar 


page 


NUmDei 


rtepiacemeni 


rtepidCcniclH 


NumKAr 


1 N4094B 




1 N6277A 


4-17 


1N4025 




1 N6278A 


4-17 


1N4025A 




1N6278A 


4-17 


1N4025B 




1N6278A 


4-17 


1 N4026 




1N6279A 


4-17 


1 N4026A 

1 ITTubUri 




1 N6279A 


4-17 


1N4026B 

1 IVrubWU 




1 N6279A 


4-17 


1N4027 




1N6280A 


4-17 


1N4027A 




1N6280A 


4-17 


1 N4027B 




1N6280A 


4-17 


1N4028 




1N6281A 


4-17 


1N4028A 




1N6281A 


4-17 


1N4028B 




1N6281A 


4-17 


1N4029 




1N6282A 


4-17 


1 N40PQA 




1 N6282A 


4-17 


1 N4029B 




1 N6282A 


4-17 


I MdflarJ 

I I "itVAJU 




1 N6283A 


4-17 


1 N4030A 




1 N6283A 


4-17 


1N4030B 




1N6283A 


4-17 


1 N4031 




1 N6284A 


4-17 


1 N4frt1 A 




1 1M6284A 


4-17 


1 M4fW1 R 

1 1 'JHUO 1 D 




1 NR9ft4A 


4-17 


1N4032 




1N6285A 


4-17 


1N4032A 




1N6285A 


4-17 


1 N4ftt9R 




1 KtR9ft^A 


4-17 


1 N4n^^ 

I I"i*tUvJO 




1 NRPftRA 


4-17 


1N4033A 

1 1rtUuOH 




1 NfiPfifi A 


4-17 


1N4033B 




1 N6286A 


4-17 


1N4034 




1 N6287A 


4-17 


1 N4034A 




1N6287A 

1 mvlu f n 


4-17 


1N4034B 




1N6287A 


4-17 


1N4035 




1 N6288A 


4-17 


1N4035A 




1N6288A 


4-17 


1N4035B 




1N6288A 


4-17 


1N4d36 




1 NR284A 


4-17 


1 N401fiA 




1 NR9ftQA 


4-17 


1N4036B 




1 NPPRQA 


4-17 


1N4037 






4-17 


1N4037A 




1 N69Q0A 


4-17 


1 N4037B 




1 N6290A 


4-17 


1N4038 




1N6291A 


4-17 


1N4038A 




1N6291A 

i iivttf i n 


4-17 


1N4038B 




1N6291A 


4-17 


1N4039 




1N6292A 


4-17 


1N4039A 




1N6292A 


4-17 


1N4039B 




1N6292A 


4-17 


1N4040 




1N6293A 


4-17 


1N4040A 




1N6293A 


4-17 


1N4040B 




1N6293A 


4-17 


1N4041 




1N6294A 


4-17 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-15 



CROSS-REFERENCE (continued) 



inuusiry 


Motorola 






Part 

rail 


Direct 


Similar 

Oil 1 1 llal 


Pag© 


Mi imhAr 


□ am 1 3f>om Ant 


RAnlannmAnt 

nQUiaWlllel It 


Number 


1N4041A 




1N6294A 


4-17 


1N4041B 




1N6294A 


4-17 


1N4042 




1N6295A 


4-17 


1N4042A 




1N6295A 


4-17 


1N4042B 




1N6295A 


4-17 


1N409S 




1N5993B 


6-13 


1N4096 




3EZ91D5 


6-33 


1N4097 




3EZ100D5 


6-33 


1N4098 




3EZ150D5 


6-33 


1N4099 




MZ4099 


6-17 


1N4100 




MZ4100 


6-17 


1N4101 




MZ4101 


6-17 


1N4102 




MZ4102 


6-17 


1N4103 




MZ4103 


6-17 


1N4104 




MZ4104 


6-17 


1N4105 




1N4698 


6-10 


1 N4106 




1N4699 


6-10 


1N4107 




1N4700 


6-10 


1N4108 




1N4701 


6-10 


1N4109 




1N4702 


6-10 


1N4110 




1N4703 


6-10 


1N4111 




1N4704 


6-10 


1N4112 




1N4705 


6-10 


1N4113 




1N4706 


6-10 


1N4114 




1N4707 


6-10 


1N4115 




1N4708 


6-10 


1N4116 




1N4709 


6-10 


1N4117 




1N4710 


6-10 


1N4118 




1N4711 


6-10 


1N4119 




1N4712 


6-10 


1hM120 




1N4713 


6-10 


1N4121 




1N4714 


6-10 


1N4122 




1N4715 


6-10 


1N4123 




1N4716 


6-10 


1N4124 




1N4717 


6-10 


1N4125 




1 N5261 B 


6-11 


1N4126 




1N5262B 


6-11 


1N4127 




1NS263B 


6-11 


1N4128 




1N5264B 


6-11 


1N4129 




1N526SB 


6-11 


1N4130 




1N5266B 


6-12 


1N4131 




1 N5267B 


6-12 


1N4132 




1N5268B 


6-12 


1N4133 




1N5269B 


6-12 


1N4134 




1N5270B 


6-12 


1N4135 




1N5271B 


6-12 


1N4158 




1N4736A 


6-24 


1N4158A 




1N4736A 


6-24 


1N4158B 




1N4736A 


6-24 


1N4159 




1N4737A 


6-24 



CF = consult factory representative 



InHiiQtru 
iiiuuouy 


Mrttnrnla 


Motorola 

itiuiui via 




Part 


Direct 


Similar 


Paqe 


Number 


Replacement 


Replacement 


Number 


1N4159A 




1N4737A 


6-24 


1N4159B 




1N4737A 


6-24 


1N4160 




1N4738A 


6-24 


1N4160A 




1N4738A 


6-24 


1N4160B 




1N4738A 


6-24 


1N4161 




1N4739A 


6-24 


1N4161A 




1N4739A 


6-24 


1N4161B 




1N4739A 


6-24 


1N4162 




1N4740A 


6-24 


1N4162A 




1N4740A 


6-24 


1N4162B 




1N4740A 


6-24 


1N4163 




1N4741A 


6-24 


1N4163A 




1N4741A 


6-24 


1N4163B 




1N4741A 


6-24 


1N4164 




1N4742A 


6-24 


1N4164A 




1N4742A 


6-24 


1N4164B 




1N4742A 


6-24 


1N4165 




1N4743A 


6-24 


1N4165A 




1N4743A 


6-24 


1N4165B 




1N4743A 


6-24 


1N4166 




1N4744A 


6-24 


1N4166A 




1N4744A 


6-24 


1N4166B 




1N4744A 


6-24 


1N4167 




1N4746A 


6-24 


1N4167A 




1N4745A 


6-24 


1N4167B 




1N4745A 


6-24 


1N4168 




1N4746A 


6-24 


1N4168A 




1N4746A 


6-24 


1N4168B 




1N4746A 


6-24 


1N4169 




1N4747A 


6-24 


1N4169A 




1N4747A 


6-24 


1N4169B 




1N4747A 


6-24 


mm 




1N4748A 


6-24 


1N4170A 




1N4748A 


6-24 


1N4170B 




1N4748A 


6-24 


1N4171 




1N4749A 


6-24 


1N4171A 




1N4749A 


6-24 


1N4171B 




1N4749A 


6-24 


1N4172 




1N4750A 


6-24 


1N4172A 




1N4750A 


6-24 


1N4172B 




1N4750A 


6-24 


1N4173 




1N4751A 


6-24 


1N4173A 




1N4751A 


6-24 


1N4173B 




1N4751A 


6-24 


1N4174 




1N4752A 


6-24 


1N4174A 




1N4762A 


6-24 


1N4174B 




1N4762A 


6-24 


1N4175 




1N4753A 


6-24 


1N4175A 




1N4753A 


6-24 


1N4175B 




1N4753A 


6-24 



Cross Reference and Index 
2-16 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4176 




1 N4754A 


6-24 


1N4176A 




1N4/54A 


6-24 


1N4176B 




1N4754A 


6-24 


1N4177 




1N4755A 


6-24 


1N4177A 




1 MA7CCA 
1 N4/0W\ 




1N4177B 




i MA7CCA 

1N4/00A 


6-24 


1N41 18 




IN4/D0A 


C OA 


1N4178A 




1 N4756A 


6-24 


4 111 A 4 "TOLO 

1N4178B 




1 N4756A 


6-24 


1N4179 




1 N4757A 


6-24 


1N4179A 




1 N4757A 


6-24 


1N4179B 




1 N4757A 


6-24 


1N4180 




1N4758A 


6-24 


1N4180A 




1N4758A 


6-24 


1N4180B 




1N4758A 


6-24 


1N4181 




4 k J A "7 c r\ A 

1 N4759A 


6-24 


1 N4181A 




1N4759A 


6-24 


1N4181B 




1N4759A 


6-24 


1N4182 




1N4760A 


6-24 


j An A 

1N4182A 




1 N4760A 


6-24 


1N4182B 




1 N4760A 


6-24 


1N4183 




1N4761A 


6-24 


1N4183A 




1N4761A 


6-24 


1N4183B 




1N4761A 


6-24 


1N4184 




1N4762A 


6-24 


1N4184A 




1 N4762A 


6-24 


1N4184B 




1N4762A 


6-24 


1N4185 




1N4763A 


6-24 


1N4185A 




1N4763A 


6-24 


4 v I a 4 n r rt 

1N4185B 




1N4763A 


6-24 


1N4186 




1N4764A 


6-24 


1N4186A 




1 N4764A 


6-24 


1N4186B 




1N4764A 


6-24 


1N4187 




1M110ZS5 


6-36 


1N4187A 




1M110ZS5 


6-36 


1N4187B 




1M110ZS5 


6-36 


1 N41 88 




1M120ZS5 


6-36 


1N4188A 




1M120ZS5 


6-36 


1N4188B 




1M120ZS5 


6-36 


1N4189 




1M130ZS5 


6-36 


4 k 1 A 4 A A A 

1N4189A 




1M130ZS5 


6-36 


4 k I a 4 nnn 

1N4189B 




1M130ZS5 


6-36 


1N4190 




1M150ZS5 


6-36 


1N4190A 




1M150ZS5 


6-36 


1N4190B 




1M150ZS5 


6-36 


1N4191 




1M160ZS5 


6-36 


1N4191A 




1M160ZS5 


6-36 


1N4191B 




1M160ZS5 


6-36 


1N4192 




1M180ZS5 


6-36 


1N4192A 




1M180ZS5 


6-36 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1 KM 1 OOP 

iN4iy^b 




lMlOUi.00 


0-0O 


1 MA 100 

lN4iyo 




1 Mgnw7«a! 
1 MiUOXoD 


COC 
0-00 


1N4193A 




1M200ZS5 


6-36 


1N4193B 




1M200ZS5 


6-36 


i nwot i 




OCt-U 1 UU 


ft-"*; , 

D 00 






I IN4 / Oon 


ft OA 


llM40*i0n 




llN4/ Oon 


ft-9A 


1 WldCdD 




I v¥t 1 Oon 


\r£.H 


1 KM 00,1 

1 N4o<;4 




llN4/0fn 


c OA 


1 N4074A 




1 M/17Q7A 


ft OA 


* KM 00 A □ 

1 N4324B 




1N4M/A 


ft OA 


1 N4325 




1 KM 700 A 

lN4/o8A 


6-24 


1N4325A 




1N4738A 


6-24 


1N4325B 




1N4738A 


6-24 


4 M A One 

1 N4326 




1 N4739A 


6-24 


4 KM OOC A 

1 N4326A 




i M/,700 A 

1N4/39A 


tt OA 

o-^4 


4 KM0OCD 

1 N4326B 




4. KM 70n A 

1N4/39A 


6-24 


1 KM0O7 

1N432/ 




1N4/4UA 


D-«;4 


1 N432 / A 




1 KM "'/in A 

1N4/4UA 


6-24 


1N432/B 




-t KM 7 d n A 

1N4/40A 


6-24 


1 KM OOQ 

1 N4328 




i K\A~J 11 A 

1N4/41A 


6-24 


i KM OOQ A 

1 N4o*iOA 




1 KM 7^ 1 A 

1N4/41A 


C OA 


1N4328B 




1N4741A 


6-24 


1N4329 




1N4742A 


6-24 


4 km oon A 

1 N4329A 




4 klATin A 

1 N4742A 


6-24 


1 N4329B 




1 N4742A 


6-24 


4 k m oon 
1 N4330 




1 U1TM A 

1N4/43A 


6-24 


4 km oon A 

1 N4330A 




1 N4743A 


6-24 


4 K M OOnD 

1 N4330B 




1 N4743A 


6-24 


1 KM 0.04. 

1 N4331 




4. KM 7 ^ it A 

1N4/44A 


6-24 


4 hi A OO 4 A 

1N4331A 




1 N4744A 


6-24 


1 KM 00 1 D 

1 N4331 B 




1 KM 7 ^ A A 

1N4/44A 


6-24 


1N4332 




1N4745A 


6-24 


1N4332A 




1N4745A 


6-24 


i KMOQOD 

1 N400<iD 




1 N4745A 


6-24 


1 KM000 

1 N4000 




1 KM7HC A 

1N4/46A 


6-24 


4 K H 000 A 

lN4oooA 




1 N4746A 


6-24 


1 KM OOOD 

1 N4000D 




1 k\A 7 AC A 


6-24 


1 KM 00 A 




1N4/4/A 


e oa 


1 N40O4A 




4 K| *7 a 7 A 

1N4/4/A 


6-24 


4 KIAOOAD 

1 N4od4B 




1 N4747A 


6-24 


1 N4335 




1 l s 44748A 


6-24 


1N4335A 




1N4748A 


6-24 


1N4335B 




1N4748A 


6-24 


1N4336 




1N4749A 


6-24 


1N4336A 




1N4749A 


6-24 


1N4336B 




1N4749A 


6-24 


1N4337 




1N4750A 


fr-24 


1N4337A 




1N4750A 


6-24 


1N4337B 




1N4750A 


6-24 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-17 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Clmllap 

oimnar 


Page 


Mi imhar 

NUmDer 


Replacement 


nepiacemen t 


Numlvr 


1 N4338 




1N4751A 


6-24 


1 N4338A 




1N4751A 


6-24 


1N4338B 




1N4751A 


6-24 


1N4339 




1N4752A 


6-24 


1 N4339A 




1 N4752A 


6-24 


1 N4339B 




1N4752A 


6-24 


1 N4340 




1 N4753A 


6-24 


I IN404UA 




1 N4753A 

1 lit/ •J'Jr^ 


6-24 


1 M4340R 

1 I1404UD 




1 N47S3A 


6-24 


1 N4341 

I IN404 I 




1 N4754A 

1 lit/ utn 


6-24 


I 11404 I A 




1 N47 f ;4A 
1 114/ Q4A 


6-24 


1 MA1AA R 
1 P4404 1 D 




1 M47R4A 
1 IN4 / D4A 


6-24 


1N4342 




1N4755A 


6-24 


1N4342A 




1N4755A 


6-24 


1 N404^D 




1 MA7^A 
I 114 / OOn 




l IN4040 




1 WA75RA 
I fi4/ ODn 




I 1 14040 A 




I 114 ( OOA 


6-24 


1 M4^41R 
1 li4040D 




1 N475RA 
I Ii4 / 30A 


6-24 


1 NA1AA 
I IN 4 044 




I Ii4/ / A 


6-24 


I I14044A 




1 M47^7A 

1 Il4/ 3/ A 


6-24 


1 N4344R 
I 1 14044 D 






6-24 


1 M434^ 
I 114040 




I Il4( OOA 


6-24 


1N4345A 




1N4758A 


6-24 


1N4345B 




1N4758A 


6-24 


1 Md^4R 
I IN4040 




1 N475QA 
I Ii4/ USA 


6-24 


I IN4040A 




1 N475QA 
I Il4 / OSJA 


6-24 


1 NA34RR 
1 I14040D 




1 M47RQA 

1 114/ JCTA 


6-24 


1 NA3A7 
1 IN404/ 




1 M47fiflA 

I Il4 / DUA 


6-24 


1 11404/ A 




1 NA7RC1A 
1 Il4 / QUA 


fi-94 
fc4 


1 M4147R 
1 11404/ D 




1 N4760A 


fi-94 
£4 


I 114040 




1M47R1 A 

1 114/ D 1 A 


6-24 


1 NI4^4ftA 
1 114040A 




1 KI47R1 A 
1 114/ D 1 A 


6-24 


1N4348B 




1N4761A 


6-24 


1N4349 




1N4762A 


6-24 


1 NA3AQA 

1 ll404oA 




1 M47R9A 
I Ii4/ DtA 


R-9A 


1 NA34QR 

1 I14043D 




1 M47R9A 
I Il4/ OtA 


6-24 






1 WA7R3A 
I Il4/ DOA 


R-9A 
D*t4 


I P4400UA 




I Ii4 / OOA 


D"t4 


1 I1400UD 




1 KIA7R3A 
1 1l4 / DOA 


CO A 


1N4351 




1 NJA7RAA 
I Il4/ 04A 


R OA 
O t4 


1N4Vi1 A 

1 114%) O 1 " 




1 M47R4A 
1 Il4/ Q4A 


6-24 


1 N4351 R 

I I1400 1 □ 




1 M47R4A 
I Il4/ D4A 


R-9A 


1N4352 




1M110ZS5 


6-36 


1N4352A 




1M110ZS5 


6-36 


1N4352B 




1M110ZS5 


6-36 


1N4353 




1M120ZS5 


6-36 


1N4353A 




1M120ZS5 


6-36 


1N4353B 




1M120ZS5 


6-36 


1N4354 




1M130ZS5 


6-36 


1N4354A 




1M130ZS5 


6-36 



CF = consult factory representative 



Industry 


mOlO rOla 


ivioioroid 




Dart 

ran 




Similar 


Page 


Mi imhar 






Number 


1 N4354B 




1M130ZS5 


6-36 


1N4356 




1M150ZS5 


6-36 


1N4355A 




1M150ZS5 


6-36 


1N4355B 




1M150ZS5 


6-36 


1N4356 




1M160ZS5 


6-36 


1N4356A 




1M160ZS6 


6-36 


1N4356B 




1M160ZS5 


6-36 


1N4357 




1M180ZS5 


6-36 


1N4357A 




1M180ZS5 


6-36 


1N4357B 




1M180ZS5 


6-36 


1N4358 




1M200ZS5 


6-36 


1 N4358A 




1M200ZS5 


6-36 


1N4358B 




1M200ZS5 


6-36 


1N4360 




1N5221B 


6-11 


1 N4370 


1 N4370A 




6-8 


1 M4?7flA 

1 1 140 / U A 


1 N4370A 




6-8 


1 N4371 


1N4371A 




6-8 


1N4371A 


1N4371A 




6-8 


1 N4372 


1 N4372A 




6-8 


1 N4372A 


1 N4372A 




6-8 


1 N4400 




1N4736A 


6-24 


1N4401 




1N4737A 


6-24 


1N4402 




1N4738A 


6-24 


1N4403 




1N4739A 


6-24 


1N4404 




1N4740A 


6-24 


1 N4405 




1N4741A 


6-24 


1N4406 




1N4742A 


6-24 


1 N4407 




1N4743A 


6-24 


1 N4408 




1N4744A 


6-24 


1N4409 




1N4745A 


6-24 


1N4410 




1N4746A 


6-24 


1N4411 




1N4747A 


6-24 


1N4412 




1N4748A 


6-24 


1N4413 




1N4749A 


6-24 


1N4414 




1N4750A 


6-24 


1N4415 




1N4751A 


6-24 


1N4416 




1N4752A 


6-24 


1N4417 




1 N4753A 


6-24 


1N4418 




1 N4754A 


6-24 


1 N441 9 




1N4756A 


6-24 


1 N4420 




1N4756A 


6-24 


1N4421 




1 N4757A 


6-24 


1N4422 




1N4758A 


6-24 


1N4423 




1N4759A 


6-24 


1N4424 




1N4760A 


6-24 


1N4425 




1N4761A 


6-24 


1N4426 




1N4762A 


6-24 


1N4427 




1N4763A 


6-24 


1N4428 




1N4764A 


6-24 


1N4429 




1M110ZS5 


M6 



Cross Reference and Index 
2-18 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1 N4430 




4 114 ftfl7PC 

1M120ZS5 


6-36 


1N4431 




4114 omoc 

1M130ZS5 


6-36 


1N4432 




1M150ZS5 


6-36 


1N4433 




1M160ZS5 


6-36 


1N4434 




1M180ZS5 


6-36 


1N4435 




1 M200ZS5 


6-36 


1N4460 




1N4735A 


6-24 


1N4461 




1 N4736A 


6-24 


1N4462 




1N4737A 


6-24 


1N4463 




1 N4738A 


6-24 


1N4464 




1N4739A 


6-24 


1N4465 




1 N4740A 


6-24 


1 N4466 




1N4741A 


6-24 


1N4467 




1N4742A 


6-24 


1N4468 




1N4743A 


6-24 


1N4469 




1 N4744A 


6-24 


1N4470 




1 N4745A 


6-24 


1N4471 




1N4746A 


6-24 


1N4472 




1N4747A 


6-24 


1N4473 




1N4748A 


6-24 


1 N4474 




1 N4749A 


6-24 


1N4475 




1 N4750A 


6-24 


1N4476 




1N4751A 


6-24 


1N4477 




1N4752A 


6-24 


1N4478 




1N4753A 


6-24 


1N4479 




1N4754A 


6-24 


1N4480 




1N4755A 


6-24 


1N4481 




1 N4756A 


6-24 


1N4482 




1N4757A 


6-24 


1N4483 




1N4758A 


6-24 


1N4484 




1N4759A 


6-24 


1N4485 




1N4760A 


6-24 


1N4486 




1N4761A 


6-24 


1N4487 




1N4762A 


6-24 


1N4488 




1N4763A 


6-24 


1N4489 




1N4764A 


6-24 


1N4490 




1M110ZS5 


6-36 


1N4491 




1M120ZS5 


6-36 


1N4492 




1M130ZS5 


6-36 


1 N4493 




4 114 roTO r 

1M150ZS5 


6-36 


1 N4494 




4 114 cn7r» r 

1M160ZS5 


6-36 


1 N4495 




4 114 nATn r 

1M180ZS5 


6-36 


1N4496 




1 M200ZS5 


6-36 


1N4499 




1N4735A 


6-24 


1N4503 




3EZ33D5 


6-33 


1N4504 




3EZ200D5 


6-34 


1N4614 




MZ4614 


6-17 


1N4615 




MZ4615 


6-17 


1N4616 


MZ4616 


6-17 


1N4617 


MZ4617 


6-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4618 




Mi4olo 


fi_17 


1N4619 




MZ4Diy 


o-l 1 


ilij con 
1 N4b2U 






(5 17 
0-1 / 


1N4621 




MZ4621 


6-17 


1N4622 




MZ4622 


6-17 


1 N4623 




YK7ACL01 


0-1 / 


1 N4624 




MZ4624 


6-17 


1 N4625 




MZ4625 


6-17 


1 N4626 




Mi462D 


6-17 


1 N4627 




1 A7AC)7 

Ml462 / 


6-17 


1 N4628 




1N4/0DA 


c oa 


1 N4629 






fi OA 
0-^4 


1N4630 




4 KM700 A 

1 N4738A 


6-24 


1N4631 




1N4739A 


6-24 


1N4632 




1N4740A 


6-24 


1N4633 




4 hi AT A 4 A 

1N4741A 


6-24 


1 N4634 




4 UJTIfl A 

1 N4742A 


6-24 


1N4635 




1 N4743A 


6-24 


1N4636 




1 N4744A 


6-24 


1N4637 




1 N4745A 


6-24 


1N4638 




1 N4746A 


6-24 


1 N4639 




J fcl AT A "7 A 

1 N4747A 


6-24 


1N4640 




1 N4748A 


6-24 


1N4641 




1N4749A 


6-24 


1N4642 




1N4750A 


6-24 


1N4643 




1N4751A 


6-24 


1N4644 




1 N4752A 


6-24 


1 N4646 




1 N4753A 


6-24 


1 N4646 




1 N4754A 


6-24 


1N4647 




1 N4755A 


6-24 


1N4648 




1 N4766A 


6-24 


1N4649 




1 N4728A 


6-24 


1N465 




1 N5223B 


6-11 


1N4650 




1N4729A 


6-24 


1N4651 




1N4730A 


6-24 


1 N4652 




1N4731A 


6-24 


1N4653 




4 1 ll7An A 

1 N4732A 


6-24 


1N4654 




4 1I1TOO A 

1 N4733A 


6-24 


1N4655 




1 N4734A 


6-24 


1 N4656 




1 N4735A 


6-24 


1N4657 




4 MA7QC A 

1N4/36A 


6-24 


1 MARCO 




4. MA797A 


6-24 


1N4659 




4 KM 70 A 

1 N4738A 


6-24 


1N465A 




1N6223B 


6-11 


1N466 




1N5226B 


6-11 


1N4660 




1N4739A 


6-24 


1N4661 




1N4740A 


6-24 


1N4662 




1N4741A 


6-24 


1N4663 




1N4742A 


6-24 


1N4664 




1N4743A 


6-24 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-19 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4665 




1N4744A 


6-24 


1N4666 




1N4745A 


6-24 


1N4667 




1N4746A 


6-24 


1N4668 




1N4747A 


6-24 


1N4669 




1N4748A 


6-24 


1N466A 




1N5226B 


6-11 


1N467 




1N5228B 


6-11 


1N4670 




1N4749A 


6-24 


1N4671 




1N4750A 


6-24 


1N4672 




1N4751A 


6-24 


1N4673 




1N4752A 


6-24 


1N4674 




1N4753A 


6-24 


1N4675 




1N4754A 


6-24 


1N4676 




1N4755A 


6-24 


1N4677 




1N4756A 


6-24 


1N4678 


1N4678 




6-10 


1N4678C 


1N4678C 




6-10 


1N4678D 


1N4678D 




6-10 


1N4679 


1N4679 




6-10 


1N4679C 


1N4679C 




6-10 


1N4679D 


1N4679D 




6-10 


1N467A 




1N5228B 


6-11 


1N468 




1N5230B 


6-11 


1N4680 


1N4680 




6-10 


1N4680C 


1N4680C 




6-10 


1N4680D 


1N4680D 




6-10 


1N4681 


1N4681 




6-10 


1N4681C 


1N4681C 




6-10 


1N4681D 


1N4681D 




6-10 


1N4682 


1N4682 




6-10 


1N4682C 


1N4682C 




6-10 


1N4682D 


1N4682D 




6-10 


1N4683 


1N4683 




6-10 


1N4683C 


1N4683C 




6-10 


1N4683D 


1N4683D 




6-10 


1N4684 


1N4684 




6-10 


1N4684C 


1N4684C 




6-10 


1N4684D 


1N4684D 




6-10 


1N4685 


1N4685 




6-10 


1N4685C 


1N4685C 




6-10 


1N4685D 


1N4685D 




6-10 


1N4686 


1N4686 




6-10 


1N4686C 


1N4686C 




6-10 


1N4686D 


1 N4686D 




6-10 


1N4687 


1N4687 




6-10 


1N4687C 


1N4687C 




6-10 


1N4687D 


1N4687D 




6-10 


1N4688 


1N4688 




6-10 


1N4688C 


1N4688C 




6-10 


1N4688D 


1N4688D 




6-10 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4689 


1N4689 




6-10 


1N4689C 


1N4689C 




6-10 


1 N4689D 


1 N4689D 




6-10 


1N468A 




1N5230B 


6-11 


1N469 




1N5232B 


6-11 


1N4690 


1N4690 




6-10 


1N4690C 


1N4690C 




6-10 


1N4690D 


1N4690D 




6-10 


1N4691 


1N4691 




6-10 


1N4691C 


1N4691C 




6-10 


1N4691D 


1N4691D 




6-10 


1N4692 


1N4692 




6-10 


1N4692C 


1N4692C 




6-10 


1N4692D 


1N4692D 




6-10 


1N4693 


1N4693 




6-10 


1N4693C 


1N4693C 




6-10 


1N4693D 


1N4693D 




6-10 


1N4694 


1N4694 




6-10 


1N4694C 


1N4694C 




6-10 


1N4694D 


1N4694D 




6-10 


1N4695 


1N4695 




6-10 


1N4696C 


1N4695C 




6-10 


1N4695D 


1N4695D 




6-10 


1N4696 


1N4696 




6-10 


1N4696C 


1N4696C 




6-10 


1N4696D 


1N4696D 




6-10 


1N4697 


1N4697 




6-10 


1N4697C 


1N4697C 




6-10 


1N4697D 


1N4697D 




6-10 


1N4698 


1N4698 




6-10 


1N4698C 


1N4698C 




6-10 


1N4698D 


1N4698D 




6-10 


1N4699 


1N4699 




6-10 


1N4699C 


1N4699C 




6-10 


1N4699D 


1N4699D 




6-10 


1N469A 




1N6232B 


6-11 


1N470 




1N5235B 


6-11 


1N4700 


1N4700 




6-10 


1N4700C 


1N4700C 




6-10 


1N4700D 


1N4700D 




6-10 


1N4701 


1N4701 




6-10 


1N4701C 


1N4701C 




6-10 


1N4701D 


1N4701D 




6-10 


1N4702 


1N4702 




6-10 


1N4702C 


1N4702C 




6-10 


1N4702D 


1N4702D 




6-10 


1N4703 


1N4703 




6-10 


1N4703C 


1N4703C 




6-10 


1N4703D 


1N4703D 




6-10 


1N4704 


1N4704 




6-10 



Cross Reference and Index 
2-20 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4704C 


1N4704C 




6-10 


1N4704D 


1N4704D 




6-10 


1N4705 


1 N4705 




6-10 


1N4705C 


1N4706C 




6-10 


1N4706D 


1N4705D 




6-10 


1N4706 


1N4706 




6-10 


1N4706C 


1N4706C 




6-10 


1N4706D 


1N4706D 




6-10 


1N4707 


1N4707 




6-10 


1N4707C 


1N4707C 




6-10 


1N4707D 


1N4707D 




6-10 


1N4708 


1N4708 




6-10 


1N4708C 


1N4708C 




6-10 


1N4708D 


1N4708D 




6-10 


1N4709 


1N4709 




6-10 


1N4709C 


1N4709C 




6-10 


1N4709D 


1N4709D 




6-10 


1N470A 




1N5235B 


6-11 


1N4710 


1N4710 




6-10 


1N4710C 


1N4710C 




6-10 


1N4710D 


1N4710D 




6-10 


1N4711 


1N4711 




6-10 


1N4711C 


1N4711C 




6-10 


1N4711D 


1N4711D 




6-10 


1N4712 


1N4712 




6-10 


1N4712C 


1N4712C 




6-10 


1N4712D 


1N4712D 




6-10 


1N4713 


1N4713 




6-10 


1N4713C 


1N4713C 




6-10 


1N4713D 


1N4713D 




6-10 


1N4714 


1N4714 




6-10 


1N4714C 


1N4714C 




6-10 


1N4714D 


1N4714D 




6-10 


1N4715 


1N4715 




6-10 


1N4715C 


1N4715C 




6-10 


1N4715D 


1N4715D 




6-10 


1 N4716 


1N4716 




6-10 


1N4716C 


1N4716C 




6-10 


1N4716D 


1N4716D 




6-10 


1N4717 


1N4717 




6-10 


1N4717C 


1N4717C 




6-10 


1N4717D 


1N4717D 




6-10 


1N4728 


1N4728A 




6-24 


1N4728A 


1N4728A 




6-24 


1N4728C 


1N4728C 




6-24 


1N4728D 


1N4728D 




6-24 


1N4729 


1N4729A 




6-24 


1N4729A 


1N4729A 




6-24 


1N4729C 


1N4729C 




6-24 


1N4729D 


1N4729D 




6-24 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4730 


1N4A3UA 






1 N4730A 


1 N4730A 




D-<:4 


4 llJ71rtT> 

1N4730C 


1 N4730G 




6-24 


1N4730D 


1N4730D 




6-24 


1N4731 


1N4731A 




6-24 


1N4731A 


1N4731A 




6-24 


1N4731C 


1N4731G 




6-24 


1 N4731 D 


1N4731U 




6-24 


1 N4732 


4 hi A "7T"| A 

1 N4732A 




6-24 


4 ii nil A 

1N4732A 


1N4732A 




6-24 


1 N4732C 


1N4732C 




6-24 


1N4732D 


1N4732D 




6-24 


1N4733 


4 LI i*)44 A 

1N4733A 




6-24 


1N4733A 


1N4733A 




6-24 


1N4733C 


1N4733C 




6-24 


1N4733D 


4 w I a Tnnn 

1N4733D 




6-24 


1N4734 


1N4734A 




6-24 


1N4734A 


1N4734A 




6-24 


1N4734C 


1N4734C 




6-24 


4 iia-Tn a r\ 

1N4734D 


4 lvi a to <n 

1N4734D 




6-24 


1N4735 


1 N4735A 




6-24 


1N4735A 


1N4735A 




6-24 


1N473SC 


1N4735C 




6-24 


1N4735D 


1N4735D 




6-24 


1N4736 


1N4736A 




6-24 


1N4736A 


1N4736A 




6-24 


1N4736C 


1N4736C 




6-24 


1N4736D 


1N4736D 




6-24 


1N4737 


1N4737A 




6-24 


1N4737A 


1N4737A 




6-24 


1N4737C 


Jill 

1N4737C 




6-24 


1N4737D 


4 llMTOTTk 

1N4737D 




6-24 


1N4738 


4 LVI 17fla A 

1N4738A 




6-24 


1N4738A 


1N4738A 




6-24 


1N4738C 


1N4738C 




6-24 


1N4738D 


1N4738D 




6-24 


1N4739 


1 N4739A 




6-24 


1 N4739A 


1 N4739A 




6-24 


1N4739C 


1 N4739C 




6-24 


1 N4739D 


1 N4739D 




6-24 


1N4740 


1N4740A 




6-24 


1N4740A 


1N4740A 




6-24 


1N4740C 


1N4740C 




6-24 


1N4740D 


1N4740D 




6-24 


1N4741 


1N4741A 




6-24 


1N4741A 


1N4741A 




6-24 


1N4741C 


1N4741C 




6-24 


1N4741D 


1N4741D 




6-24 


1N4742 


1N4742A 




6-24 


1N4742A 


1N4742A 




6-24 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-21 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4742C 


1N4742C 




6-24 


1N4742D 


1N4742D 




6-24 


1N4743 


1N4743A 




6-24 


1N4743A 


1N4743A 




6-24 


1N4743C 


1N4743C 




6-24 


1N4743D 


1N4743D 




6-24 


1N4744 


1N4744A 




6-24 


1N4744A 


1N4744A 




6-24 


1N4744C 


1N4744C 




6-24 


1N4744D 


1N4744D 




6-24 


1N4745 


1N4745A 




6-24 


1N4745A 


1N4745A 




6-24 


1N4745C 


1N4745C 




6-24 


1N4745D 


1N4745D 




6-24 


1N4746 


1N4746A 




6-24 


1N4746A 


1N4746A 




6-24 


1N4746C 


1N4746C 




6-24 


1N4746D 


1N4746D 




6-24 


1N4747 


1N4747A 




6-24 


1N4747A 


1N4747A 




6-24 


1N4747C 


1N4747C 




6-24 


1N4747D 


1N4747D 




6-24 


1N4748 


1N4748A 




6-24 


1N4748A 


1N4748A 




6-24 


1N4748C 


1N4748C 




6-24 


1N4748D 


1N4748D 




6-24 


1N4749 


1N4749A 




6-24 


1N4749A 


1N4749A 




6-24 


1N4749C 


1N4749C 




6-24 


1N4749D 


1N4749D 




6-24 


1N4750 


1N4750A 




6-24 


1N4750A 


1N4750A 




6-24 


1N4750C 


1N4750C 




6-24 


1N4750D 


1N4750D 




6-24 


1N4751 


1N4751A 




6-24 


1N4751A 


1N4751A 




6-24 


1N4751C 


1N4751C 




6-24 


1N4751D 


1N4751D 




6-24 


1N4752 


1N4752A 




6-24 


1N4752A 


1N4752A 




6-24 


1 N4752C 


1N4752C 




6-24 


1N4752D 


1N4752D 




6-24 


1N4753 


1N4753A 




6-24 


1N4753A 


1N4753A 




6-24 


1N4753C 


1N4753C 




6-24 


1N4753D 


1N4753D 




6-24 


1N4754 


1N4754A 




6-24 


1N4754A 


1N4754A 




6-24 


1N4754C 


1N4754C 




6-24 


1N4754D 


1N4754D 




6-24 



CF = consult factory representative 



Industry 

Part 
Number 


Motorola 
Direct 
Replacement 


Motorola 
Similar 
Replacement 


Page 
Number 


1N4755 

1N4755A 

1N4755C 

1N4755D 

1N4756 

1N4756A 

1N4756C 

1N4756D 

1N4757 

1N4757A 


1N4755A 
1N4755A 
1N4755C 
1N4755D 
1N4756A 
1N4756A 
1N4766C 
1N4756D 
1N4757A 
1N4757A 




6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 


1N4757C 

1N4757D 

1N4758 

1N4758A 

1N4758C 

1N4768D 

1N4759 

1N4759A 

1N4769C 

1N4759D 


1N4757C 
1N4757D 
1N4768A 
1N4758A 
1N4758C 
1N4758D 
1N4759A 
1N4759A 
1N4759C 
1N4759D 




6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 


1N4760 

1N4760A 

1N4760C 

1N4760D 

1N4761 

1N4761A 

1N4761C 

1N4761D 

1N4762 

1N4762A 


1N4760A 
1N4760A 
1N4760C 
1N4760D 
1N4761A 
1N4761A 
1N4761C 
1N4761D 
1N4762A 
1N4762A 




6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 


1N4762C 

1N4762D 

1N4763 

1N4763A 

1N4763C 

1N4763D 

1N4764 

1N4764A 

1N4764C 

1N4764D 


1N4762C 
1N4762D 
1N4763A 
1N4763A 
1N4763C 
1N4763D 
1N4764A 
1N4764A 
1N4764C 
1N4764D 




6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 


1N4831 

1N4831A 

1N4831B 

1N4832 

1N4832A 

1N4832B 

1N4833 

1N4833A 

1N4833B 

1N4834 




1N4739A 
1N4739A 
1N4739A 
1N4740A 
1N4740A 
1N4740A 
1N4741A 
1N4741A 
1N4741A 
1N4742A 


6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 
6-24 



Cross Reference and Index 
2-22 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4834A 




1N4742A 


6-24 


1N4834B 




1N4742A 


6-24 


1N4835 




1N4743A 


6-24 


1 M/lfi'-iK A 
1 PWOOOn 




1 1 / HO/A 


6-24 


1N4835B 




1N4743A 


6-24 


1N4836 




1N4744A 


6-24 


1N4836A 




1N4744A 


6-24 


1N4836B 




1N4744A 


6-24 


1N4837 




1N4745A 


6-24 


1N4837A 




1N4745A 


6-24 


1N4837B 




1N4745A 


6-24 


1N4838 




1N4746A 


6-24 


1N4838A 




1N4746A 


6-24 


I IN4000D 




1 MA74RA 
I 1X4 1 HOf\ 


Cr£4 


1N4839 




1N4747A 


6-24 


1N4839A 




1N4747A 


6-24 


1N4839B 




1N4747A 


6-24 


1N4840 




1N4748A 


6-24 


1N4840A 




1N4748A 


6-24 


1N4840B 




1N4748A 


6-24 


1N4841 




1N4749A 


6-24 


1N4841A 




1N4749A 


6-24 


1N4841B 




1N4749A 


6-24 


I IN4o4£ 




1 IN4/0Un 




1N4842A 




1N4750A 


6-24 


1N4842B 




1N4750A 


6-24 


1N4843 




1N4751A 


6-24 


1N4843A 




1N4751A 


6-24 


1N4843B 




1N4751A 


6-24 


1N4844 




1N4752A 


6-24 


1N4844A 




1N4752A 


6-24 


1N4844B 




1N4752A 


6-24 


1N4845 




1N4753A 


6-24 


1 M/iAd^A 
I IN4040M 




I IN4 / DOrt 


0*£4 


1N4845B 




1N4753A 


6-24 


1N4846 




1N4754A 


6-24 


1N4846A 




1N4754A 


6-24 


1N4846B 




1N4754A 


6-24 


1N4847 




1N4755A 


6-24 


1N4847A 




1N4755A 


6-24 


1N4847B 




1N4755A 


6-24 


1N4848 




1N4756A 


6-24 


1N4848A 




1N4756A 


6-24 


1 N4848B 




1 N4756A 


6-24 


1N4849 




1N4757A 


6-24 


1N4849A 




1N4757A 


6-24 


1N4849B 




1N4757A 


6-24 


1N4850 




1N4758A 


6-24 


1N4850A 




1N4758A 


6-24 


1N4850B 




1N4758A 


6-24 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N4851 




1N4759A 


6-24 


1N4851A 




1N4759A 


6-24 


1N4851B 




1N4769A 


6-24 


1 N4852 




1N4760A 


6-24 


1N4862A 




1N4760A 


6-24 


1N4852B 




1N4760A 


6-24 


1N4863 




1N4761A 


6-24 


1N4853A 




1N4761A 


6-24 


1N4853B 




1N4761A 


6-24 


1N4854 




1N4762A 


6-24 


1N4854A 




1N4762A 


6-24 


1N4854B 




1N4762A 


6-24 


1N4855 




1N4763A 


6-24 


1 N4855A 




1N4763A 


6-24 


1N4855B 




1N4763A 


6-24 


1N4856 




1N4764A 


6-24 


1N4856A 




1N4764A 


6-24 


1N4856B 




1N4764A 


6-24 


1N4857 




1M110ZS5 


6-36 


1N4857A 




1M110ZS5 


6-36 


1N4857B 




1M110ZS5 


6-36 


1N4868 




1M120ZS5 


6-36 


1N4858A 




1M120ZS5 


6-36 


1 INHCKJOD 




I IVP 1 iULOJ 


6-36 


1N4859 




1M130ZS5 


6-36 


1N4859A 




1M130ZS5 


6-36 


1N4859B 




1M130ZS5 


6-36 


1N4860 




1M150ZS5 


6-36 


1N4860A 




1M150ZS5 


6-36 


1N4860B 




1M150ZS5 


6-36 


1N4881 




3EZ39D5 


6-33 


1N4882 




3EZ20D5 


6-33 


1N4883 




3EZ62D5 


6-33 


1N4884 




3EZ39D5 


6-33 


1N4889 




1N5372B 


6-39 


1N4954 




1N5342B 


6-39 


1N4955 




1N5343B 


6-39 


1N4956 




1N5344B 


6-39 


1N4957 




1N5346B 


6-39 


1N4958 




1N5347B 


6-39 


1N4969 




1N5348B 


6-39 


1N4960 




1N5349B 


6-39 


1N4961 




1N5350B 


6-39 


l N4yo*; 




1 NOOO^D 


6-39 


1N4963 




1N5353B 


6-39 


1N4964 




1N5355B 


6-39 


1N4965 




1N5357B 


6-39 


1N4966 




1N5358B 


6-39 


1N4967 




1N5359B 


6-39 


1N4968 




1N5361B 


6-39 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-23 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1 N4969 




1 N5300D 


6-39 


1 N4970 




1 N53d4d 


6-39 


1 N4971 




1N5365B 


6-39 


1N4972 




1N5366B 


6-39 


1N4973 




1N5367B 


6-39 


1N4974 




1 N5368B 


6-39 


1N4975 




1N5369B 


6-39 


1N4976 




1N5370B 


6-39 


1N4977 




1N5372B 


6-39 


1N4978 




1N5373B 


6-39 


1N4979 




1N5374B 


6-39 


1N4980 




1N5375B 


6-39 


1N4981 




1 N5377B 


6-39 


1N4982 




1N5378B 


6-39 


1N4983 




1N5379B 


6-39 


1 N4984 




1 N5380B 


6-39 


1N4985 




1N5381B 


6-39 


1 N4986 




a V 1 rn nn n 

1 N5383B 


6-40 


1 N4987 




1 N5384B 


6-40 


1 N4988 




1 N5386B 


6-40 


1 N4989 




a k ironnn 

1 N5388B 


6-40 


1N5008 




1 N5333B 


6-39 


1N5008A 




1 N5333B 


6-39 


1N5009 




1N5334B 


6-39 


1N5009A 




1N5334B 


6-39 


1N5010 




3EZ3.9D5 


6-33 


1N5010A 




3EZ3.9D5 


6-33 


1N5011 




3EZ4.3D5 


6-33 


1N5011A 




3EZ4.3D5 


6-33 


1N5012 




3EZ4.7D5 


6-33 


1N5012A 




3EZ4.7D5 


6-33 


1 N501 3 




3EZ5.1D5 


6-33 


1N5013A 




3EZ5.1D5 


6-33 


1N5014 




3EZ5.6D5 


6-33 


1N5014A 




3EZ5.6D5 


6-33 


1N5015 




3EZ6.2D5 


6-33 


A lilf A4 C A 

1N5015A 




3EZ6.2D5 


6-33 


1N5016 




3EZ6.8D5 


6-33 


1N5016A 




3EZ6.8D5 


6-33 


1N5017 




3EZ7.5D5 


6-33 


1N5017A 




3EZ7.5D5 


6-33 


1N5018 




3EZ8.2D5 


6-33 


1N5018A 




3EZ8.2D5 


6-33 


1N5019 




3EZ9.1D5 


6-33 


1N5019A 




3EZ9.1D5 


6-33 


1N5020 




3EZ10D5 


6-33 


1N5020A 




3EZ10D5 


6-33 


1N5021 




3EZ11D5 


6-33 


1N5021A 




3EZ11D5 


6-33 


1N5022 




3EZ12D5 


6-33 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


HUE/109 A 






o-oo 






OtilOUD 


c oo 
O~O0 


1 NbU^oA 




OtZJoUO 


coo 
D-00 


1N5024 




3EZ14D5 


6-33 


1N5024A 




3EZ14D6 


6-33 






OCX I ouo 


o-oo 


1 NbU2bA 




otiloUo 


o-oo 


1 N5026 




otilbUo 


6-33 


a Mcri'ie A 

1 N5026A 




3bZ1oUb 


6-33 


1 N5027 




3bZ17Ub 


6-33 


1 N5027A 




3EZ17D5 


6-33 


1 N5028 




qt7i one 
obZloUb 


6-33 


1 N5028A 




or7< one 

3bZ18IJ5 


6-33 


1N5029 




3EZ19D5 


6-33 


1N5029A 




3EZ19D5 


6-33 


1 N5030 




3bi2UUb 


6-33 


l NbUoUA 




obZ.2UUb 


0-00 


i MCfWI 

lNoUoi 




QC7oine 
Jti^^Ub 


o-oo 


a Kicnn A 
1 NoUo 1A 




obZ^Ub 


b-oo 


1 N5032 




0C7o^ne 
3bZ24Ub 


6-33 


1 NbUOVA 




3ti^4Ub 


b-oo 


1 NbUOO 




obZ24Ub 


6-33 


a Mcnoo A 

1 N5Q33A 




3EZ24D5 


6-33 


1N5034 




3EZ27D5 


6-33 


1N5034A 




3EZ27D5 


6-33 


1 N5035 




3EZ30D5 


6-33 


1 N5035A 




3EZ30D5 


6-33 


1 N5036 




3EZ33D5 


6-33 


1 N5036A 




3EZ33D5 


6-33 


1N5037 




3EZ36D5 


6-33 


1 NbUo/A 




3tZ36UO 


6-33 


1Nb03o 




3tZ39U3 


6-33 


1 Memo A 
1 NbUooA 




ohZdyUo 


6-33 


1N5039 




3EZ43D5 


6-33 


1N5039A 




3EZ43D5 


6-33 


1 MCfl/irt 
1 N5U4U 




QC7>17nc 

ObZ4/Ub 


6-33 


1 N0U4UA 




obZ4/Ub 


6-33 


1 MGflyM 
I N0U4l 




QC7^7nC 

obZ4/Ub 


6-33 






orr7^7nc 
3bZ47Db 


6-33 


1 N5042 




3EZ51D5 


6-33 


a Mcndl A 




3EZ51D5 


6-33 


a K\Cr\AO 




3EZ51D5 


6-33 


1 N5043A 




3EZ51 D5 


6-33 


1N5044 




3EZ51D5 


6-33 


1N5044A 




3EZ51D5 


6-33 


1N5045 




3EZ56D5 


6-33 


1N5045A 




3EZ56D5 


6-33 


1N5046 




3EZ62D5 


6-33 


1N5046A 




3EZ62D5 


6-33 


1N5047 




3EZ68D5 


6-33 



Cross Reference and Index 
2-24 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1 NSU4 f A 




OC7CQHC 

obZboUb 


D-oo 


1 N5048 




o C77cnc 
oti/oUb 


6-33 


1 NoU4oA 




obZ/blib 


6-33 


1N5049 




3EZ82D5 


6-33 


1N5049A 




3EZ82D5 


6-33 


1 N5050 




oc7fn nc 
3bZ91Ub 


6-33 


1 N5050A 




flr7fH nc 

3EZ91 Do 


6-33 


1 N5051 




3bZlUUL>b 


6-33 


■i Mcnc 1 A 




oc7i nnnc 


6-33 


i Mnnco 

INbuoo 




0C7c one 
obZb.oUb 


6-33 


1 N5064 




3EZ7.5D5 


6-33 


1 ndudo 




0C70 one 
obZ8.2Ub 


6-33 


1 NbUbb 




3bZ9.1Ub 


6-33 


1N5067 




3EZ10D5 


6-33 


1N5068 




3EZ11D5 


6-33 


1 NbUba 




oc7h one 


6-33 


1 MGl*l7n 

INbU/U 




obZ14Ub 


6-33 


1N5071 




3bZ15L)o 


6-33 


1 MC070 




JbZibUb 


6-33 


INbU/o 




or7 n one 
3bZ18LJb 


6-33 


1 N5074 




3bZ22D5 


6-33 


1 N5075 




Ol — 7rt j r\c 

3EZ24D5 


6-33 


1 N5076 




3EZ27D5 


6-33 


1N5077 




3EZ30D5 


6-33 


1N5078 




3EZ33D5 


6-33 


1 N5079 




3EZ36D5 


6-33 


1 N5080 




3EZ39D5 


6-33 


1 NbUol 




3EZ39D5 


6-33 


1 NbUbV 




nr"7 a one 

3EZ43D5 


6-33 


■* Mcnoo 

I NbUoo 




3EZ47D5 


6-33 


1 MCnfM 




ofcZ4/ Ub 


6-33 


1 Mcnnc 
1 NoUoo 




3EZ51 D5 


6-33 


lINOUob 




3EZ51 D5 


6-33 


1N5087 




3EZ56D5 


6-33 


1N5088 




3EZ62D5 


6-33 


^ Kicnoo 

i iNbUoy 




obZo2U5 


6-33 


i Mcnori 




intone 

3EZ68D5 


6-33 


1 Mcnoi 

iNouyi 




oc7conc 

3bZ68D5 


6-33 


1N5092 




3EZ75D5 


6-33 


1 N5093 




3EZ82D5 


6-33 


i Nouy4 




3bZ82D5 


6-33 


l iNouyo 




o C7rn nc 

3bZ91Db 


6-33 


1 NDUyb 




ocr^^ ^ nnc 

3EZ110D5 


6-33 


1 N5097 




3EZ120D5 


6-33 


1N5098 




3EZ130D5 


6-33 


1N5099 




3EZ140D5 


6-33 


1N5100 




3EZ160D5 


6-33 


1N5101 




3EZ170D5 


6-33 


1N5102 




3EZ180D5 


6-33 


1N5103 




3EZ190D5 


6-33 











CF = consult factory representative 



In Hi letru 

inQuairy 


muiuruid 


Mntnrnla 




Part 

ran 




Similar 


Dana 
"aye 


Mi ■ rvi har 


Danla^amani 

nepiacciTicn i 




Numhpr 

11 Ul 1 1 Uvl 


1N5104 




3EZ200D5 


6-34 


1N5105 




3EZ220D5 


6-34 


1N5106 




3EZ240D5 


6-34 


1N5107 




3EZ270D5 


6-34 


1N5108 




3EZ270D5 


6-34 


1 N51 09 




3EZ270D5 


6-34 


1N5110 




3EZ300D5 


6-34 


1N5111 




3EZ330D5 


6-34 


1N5112 




3EZ330D5 


6-34 


1N5113 




3EZ330D5 


6-34 


1N5114 




3EZ360D5 


6-34 


1N5115 




3EZ400D5 


6-34 


1N5116 




3EZ400D5 


6-34 


1N5117 




3EZ400D5 


6-34 


1N5118 




1N5351B 


6-39 


1N5119 




1 N5366B 


6-39 


1N5120 




1 N5368B 


6-39 


1N5121 




1 N5369B 


6-39 


1N5122 




1N5371B 


6-39 


1N5123 




1N5373B 


6-39 


1N5124 




1 N5375B 


6-39 


1N5125 




1 N5377B 

1 1 1VV 1 I LJ 


6-39 


1N5126 




1N5382B 


6-39 


1N6127 




1N5385B 


6-40 


1N6128 




1N5387B 


640 


1N5221 


1N5221B 




6-11 


1N5221A 


1 N5221 B 




6-11 


1N5221B 


1 N5221 B 




6-11 


1N5221C 


1N5221C 




6-11 


1N6221D 


1 N5221 D 




6-11 


1N5222 


1 N5222B 




6-11 


1N5222A 


1N5222B 




6-11 


1N5222B 


1N5222B 




6-11 


1N5222C 


1N5222C 




6-11 


1N5222D 


1N5222D 




6-11 


1N5223 


1N5223B 




6-11 


1N5223A 


1N5223B 




6-11 


1 N5223B 


1 N5223B 




6-11 


1 N5223C 


1 N5223C 




6-11 


1 N5223D 


1N5223D 




6-11 


1 N5224 


1N5224B 




6-11 


1 N5224A 


1N5224B 




6-11 


1 N5224B 


1 N5224B 




6-11 


1N5224C 


1N5224C 




6-11 


1N5224D 


1N5224D 




6-11 


1N5225 


1N6225B 




6-11 


1N5225A 


1N5225B 




6-11 


1N6226B 


1N5225B 




6-11 


1N5225C 


1N6225C 




6-11 


1N5225D 


1N5226D 




6-11 
. 1 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
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CROSS-REFERENCE (continued) 



ii iuuoii y 


Mntnrnlfi 


inuiui via 




Part 


Direct 


Similar 


Page 


Numhpr 


Rf»nlarpm@nt 

nvp lavvi iici ii 


ReQlacement 


Number 


1N5226 


1 N5226B 




6-11 


1N5226A 


1 N5226B 




6-11 


1N5226B 


1 N5226B 




6-11 


1N5226C 


1N5226C 




6-11 


1N5226D 


1N5226D 




6-11 


1N5227 


1 N5227B 




6-11 


1N5227A 


1 N5227B 




6-11 


1N5227B 


1 N5227B 




6-11 


1N5227C 


1N5227C 




6-11 


1N5227D 


1 N5227D 




6-11 


1N5228 


1 N5228B 




6-11 


1N5228A 


1 N5228B 




6-11 


1N5228B 


1 N5228B 




6-11 


1N5228C 


1N5228C 




6-11 


1N5228D 


1N5228D 




6-11 


1N5229 


1 N5229B 




6-11 


1N5229A 


1 N5229B 




6-11 


1N5229B 


1 N5229B 




6-11 


1N5229C 


1 N5229C 




6-11 


1N5229D 


1 N5229D 




6-11 


1N5230 


1 N5230B 




6-11 


1N5230A 


1 N5230B 




6-11 


1N5230B 


1 N5230B 




6-11 


1N5230C 


1N5230C 




6-11 


1N5230D 


1N5230D 




6-11 


1N5231 


1 N5231 B 




6-11 


1N5231A 


1 N5231 B 




6-11 


1 N5231 B 


1 N5231 B 




6-11 


1N5231C 


1N5231C 




6-11 


1N5231D 


1N5231D 




6-11 


1N5232 


1 N5232B 




6-11 


1N5232A 


1 N5232B 




6-11 


1N5232B 


1 N5232B 




6-11 


1N5232C 


1N5232C 




6-11 


1N5232D 


1N5232D 




6-11 


1N5233 


1 N5233B 




6-11 


1N5233A 


1 N5233B 




6-11 


1N5233B 


1N5233B 




6-11 


1N5233C 


1 N5233C 




6-11 


1N5233D 


1 N5233D 




6-11 


1N5234 


1 N5234B 




6-11 


1N5234A 


1 N5234B 




6-11 


1N5234B 


1N5234B 




6-11 


1N5234C 


1N5234C 




6-11 


1N5234D 


1N5234D 




6-11 


1N5236 


1N5235B 




6-11 


1N5235A 


1N5235B 




6-11 


1N5235B 


1N5235B 




6-11 


1N5235C 


1N6235C 




6-11 


1N5235D 


1N5235D 




6-11 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6236 


1N5236B 




6-11 


1N5236A 


1N5236B 




6-11 


1N5236B 


1N5236B 




6-11 


1N5236C 


1N5236C 




6-11 


1N5236D 


1N5236D 




6-11 


1N5237 


1N5237B 




6-11 


1N6237A 


1N5237B 




6-11 


1N5237B 


1N5237B 




6-11 


1N5237C 


1N5237C 




6-11 


1N5237D 


1N5237D 




6-11 


1N6238 


1N5238B 




6-11 


1N5238A 


1N5238B 




6-11 


1N5238B 


1N5238B 




6-11 


1N5238C 


1N5238C 




6-11 


1 N5238D 


1 N5238D 




6-11 


1N5239 


1N5239B 




6-11 


1N5239A 


1N5239B 




6-11 


1N5239B 


1N5239B 




6-11 


1N5239C 


1N5239C 




6-11 


1N5239D 


1N6239D 




6-11 


1N5240 


1N6240B 




6-11 


1N5240A 


1N5240B 




6-11 


1N5240B 


1N5240B 




6-11 


1N5240C 


1N5240C 




6-11 


1N5240D 


1N5240D 




6-11 


1N5241 


1N5241B 




6-11 


1N5241A 


1N5241B 




6-11 


1N5241B 


1N5241B 




6-11 


1N5241C 


1N5241C 




6-11 


1N5241D 


1N5241D 




6-11 


1N5242 


1N5242B 




6-11 


1N5242A 


1N5242B 




6-11 


1N5242B 


1N5242B 




6-11 


1N5242C 


1N5242C 




6-11 


1 N5242D 


1N5242D 




6-11 


1N5243 


1N5243B 




6-11 


1N5243A 


1N5243B 




6-11 


1N5243B 


1N6243B 




6-11 


1N5243C 


1N5243C 




6-11 


1N5243D 


1N5243D 




6-11 


1N5244 


1N5244B 




6-11 


1N5244A 


1N5244B 




6-11 


1N5244B 


1N5244B 




6-11 


1N5244C 


1N6244C 




6-11 


1N5244D 


1N5244D 




6-11 


1N5245 


1N5245B 




6-11 


1N5245A 


1N5246B 




6-11 


1N5245B 


1N5246B 




6-11 


1N5245C 


1N5246C 




6-11 


1N5245D 


1N5245D 




6-11 



Cross Reference and Index 
2-26 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5246 


1N5246B 




6-11 


1N5246A 


1N5246B 




6-11 


1N5246B 


1N5246B 




6-11 


1 M^P4fin 

I INO£40W 






6-11 


1N5246D 


1N5246D 




6-11 


1N5247 


1N5247B 




6-11 


1N5247A 


1N5247B 




6-11 


1N5247B 


1N5247B 




6-11 


1N5247C 


1N5247C 




6-11 


1N5247D 


1N5247D 




6-11 


1N5248 


1N5248B 




6-11 


1N5248A 


1N5248B 




6-11 


1N5248B 


1N5248B 




6-11 




1 N^248C 




6-11 


1N5248D 


1N5248D 




6-11 


1N5249 


1N5249B 




6-11 


1N5249A 


1N5249B 




6-11 


1N5249B 


1N5249B 




6-11 


1N5249C 


1N5249C 




6-11 


1N5249D 


1N5249D 




6-11 


1N5250 


1N5250B 




6-11 


1N5250A 


1N5250B 




6-11 


1N5250B 


1N5250B 




6-11 




I INOilOUU 




ft. 11 


1N5250D 


1N5250D 




6-11 


1N5251 


1N5251B 




6-11 


1N5251A 


1N5251B 




6-11 


1N5251B 


1N5251B 




6-11 


1N5251C 


1N5251C 




6-11 


1N5251D 


1N5251D 




6-11 


1N5252 


1N5252B 




6-11 


1N5252A 


1N5252B 




6-11 


1N5252B 


1N5252B 




6-11 








R-11 
O I I 


1N5252D 


1N5252D 




6-11 


1N5253 


1N5253B 




6-11 


1N5253A 


1N5253B 




6-11 


1N5253B 


1N5253B 




6-11 


1N5253C 


1N5253C 




6-11 


1N5253D 


1N5253D 




6-11 


1N5254 


1N5254B 




6-11 


1N5254A 


1N5254B 




6-11 


1N5254B 


1N5254B 




6-11 




1 No2o4U 




6-11 


1N5254D 


1N5254D 




6-11 


1N5255 


1N5255B 




6-11 


1N5255A 


1N5255B 




6-11 


1N5255B 


1N5255B 




6-11 


1N5255C 


1N5255C 




6-11 


1N5255D 


1N5255D 




6-11 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5256 


1N5256B 




6-11 


1N5266A 


1N5256B 




6-11 


1N5256B 


1N5256B 




6-11 


1 N5256C 


1N5256C 




6-11 


1N5256D 


1N5256D 




6-11 


1N5257 


1N5257B 




6-11 


1N5257A 


1N5257B 




6-11 


1N5257B 


1N5267B 




6-11 


1N5257C 


1N5257C 




6-11 


1N5257D 


1N5257D 




6-11 


1N5258 


1N5258B 




6-11 


1N5258A 


1N5258B 




6-11 


1N5258B 


1N5258B 




6-11 


1 N5258C 


1N5258C 




6-11 


1N5258D 


1N6258D 




6-11 


1N5259 


1N5259B 




6-11 


1N5259A 


1N5259B 




6-11 


1N5259B 


1N5259B 




6-11 


1N5259C 


1N5259C 




6-11 


1N6259D 


1N5259D 




6-11 


1N5260 


1N5260B 




6-11 


1N5260A 


1N5260B 




6-11 


1N6260B 


1N5260B 




6-11 


1 N5260C 


1 N5260C 




6-11 


1N5260D 


1N5260D 




6-11 


1N5261 


1N5261B 




6-11 


1N5261A 


1N5261B 




6-11 


1N5261B 


1N5261B 




6-11 


1N5261C 


1N5261C 




6-11 


1N5261D 


1N5261D 




6-11 


1N5262 


1N5262B 




6-11 


1N5262A 


1N5262B 




6-11 


1N5262B 


1N5262B 




6-11 


1N5262C 


1N5262C 




6-11 


1N5262D 


1N5262D 




6-11 


1N5263 


1N5263B 




6-11 


1N5263A 


1N5263B 




6-11 


1N5263B 


1N5263B 




6-11 


1N5263C 


1N5263C 




6-11 


1N5263D 


1N5263D 




6-11 


1N5264 


1N5264B 




6-11 


1N5264A 


1N5264B 




6-11 


1N5264B 


1N5264B 




6-11 


1 IN0£D^L< 






0-11 


1N5264D 


1N5264D 




6-11 


1N5265 


1N5265B 




6-11 


1N5265A 


1N5265B 




6-11 


1N5265B 


1N5265B 




6-11 


1N5265C 


1N5265C 




6-11 


1N5265D 


1N5265D 




6-11 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-27 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1 NO*: 00 






R_19 


1 MCOCfi A 
1 NbtOOA 


1 INOtlOOD 




R. 19 


1 MCOCCD 


1 MCORRD 




fi 10 


1N5266C 


1N5266C 




6-12 


1N5266D 


1N5266D 




6-12 


1 MCOC7 

1Nb2b/ 


1 ME0G7D 
1 N02D/D 




R 10 


1 MGOC7 A 

!Nb2b/A 


1 MG0ft7D 




R 10 


4 MCOC7D 

1Nb2o7B 






R 1 

b-12 


1 N52670 


1 No2o70 




R 10 

b-12 


4 KICOC7n 

1No2b/U 


4 MCOC7H 




R 1 


1 N52DO 


1 Nb2b8B 




R 10 


^ MCOCQ A 

1 Nb2ooA 


1 Nb2b8B 




R 10 

b-12 


1 MC1COD 

1 N5268B 


4 k ICOCOD 

1 N52o8B 




6-12 


1N5268C 


1N5268C 




6-12 


1N5268D 


1N5268D 




6-12 


1 N5269 


1N5269B 




6-12 


1N5269A 


1 N5269B 




6-12 


1 N5269B 


1 N5269B 




6-12 


1 N5269C 


1 No2b90 




6-12 


1N52D9D 


1N5269D 




6-12 


1 N5270 


1No2/UB 




6-12 


4 klC07fl A 

1 N5270A 


1 N5270B 




6-12 


1N5270B 


4 klcri-rriD 

1 N5270B 




6-12 


1N5270C 


1N5270C 




6-12 


1N5270D 


1N5270D 




6-12 


1N5271 


4 k 1 C A "7 4 n 

1N5271B 




6-12 


1N5271A 


1 N5271 B 




6-12 


1N5271B 


1 N5271 B 




6-12 


1N5271C 


1N5271C 




6-12 


1N5271D 


4 k \cr\^4 r\ 

1 N5271 D 




6-12 


1 N5272 


4 IIC070D 

1 N5272B 




6-12 


1 N5272A 


1 N5272B 




6-12 




4 klC071D 

1 Noll l\S 




6-12 


1N5272C 


1N5272C 




6-12 


1N5272D 


1N5272D 




6-12 


1 N5273 


1 N5273B 




6-12 


1 N5273A 


1 N5273B 




6-12 


1 N5273B 


1 N5273B 




6-12 


1 N5273C 


1 N5273C 




6-12 


4 k i c n to r* 

1 N5273D 


1 N5273D 




6-12 


4 klCI~t~JA 

1 N5274 


4 klri7/l D 

1 N5274B 




6-12 


1 N5274A 


4 k a n 

1 N5274B 




6-12 


1 N5274B 


1 N5274B 




6-12 


1N5274C 


1N5274C 




6-12 


1N5274D 


1N5274D 




6-12 


1N5275 


1N5275B 




6-12 


1N5275A 


1N5275B 




6-12 


1N5275B 


1N5275B 




6-12 


1N5275C 


1N5275C 




6-12 


1N5275D 


1N5275D 




6-12 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1 MM 7ft 
I INOt I 


1 M^97ftR 
I WOd/OD 






I INOt 1 On 






6-12 


I IMOti/OD 


1 MR97RR 




fi-19 

U It 


1N5276C 


1N5276C 




6-12 


1N5276D 


1N5276D 




6-12 


1 Wft977 






6-12 


1 MK977A 

1 Nbt 1 In 


1 KK977R 
I INOt (ID 




fi-19 


i MC177Q 
\N0cf ID 


1 MR977R 




fi 19 


1 MG.977P 
1 ViOcI l\j 






fi-19 
D- It 




1 Mc;977n 

1 ViOc 1 IV 




fi 19 


1 MK97Q 


1 MC97BR 




fi-19 


1 MC.07QA 
I INOt / On 






fi-19 


1 MC07QC 






ft-19 


1N5278C 


1N5278C 




6-12 


1N5278D 


1N5278D 




6-12 


1 MC07Q 






fi 19 


1 MG.97QA 






0- 1 1 




1 MC07QD 




ft.19 


iNbt/yo 


i Nb«i/yu 






1 MC07QH 


1 MK07Qr\ 

iiNo^/yu 




ft_1 9 


I INDttJU 


1 NMftfiR 
I INOtOUD 




ft-19 
0- It 


1 NbtOUA 






fi 19 
g- 1 1 


1 MftOQflD 
lINbtoUB 






ft_1 9 
u- 1 1 


1N5280C 


1N5280C 




6-12 


1N5280D 


1N5280D 




6-12 


1 N5281 


1 MCOQ1 D 
1 N02o 1 B 




ft 19 

0-i.t: 


4 MCOQ1 A 

1 [Nb2o 1 A 


1 Nb2ol B 




ft 1 


4 MCOQ 1 □ 

1 No2ol B 


1 MCOQ 1 D 




ft 19 
D-l t 


4 klL'IO 4 

1N52810 


1 Nb2olU 




6-12 


4 MCOQ1 n 


1 Nb2ol U 




ft 1 9 
D-l t 


1 NOcOO 


! MOilOO 




y-o 




] ViOdoH 




y o 




1 MC.OQC 




q *i 


1N5286 


1N5286 




9-3 


1N5287 


1N5287 




9-3 




1 MC9QQ 




3 


I IN020y 


1 NOiOy 






1 No<iyu 


i MCOQA 

i Nb^yu 




y-o 


1N5291 


1 N5291 




y-0 


4 MCOOO 

1 No2y2 


4 Mcono 
1 Nb292 




9-0 


l No^yo 


1 nJb^yo 




y-o 


i Nwy4 


4 hicon j 
l Nb*iy4 




y-o 


1 N5295 


1 N5295 




y-o 


1N5296 


1N5296 




9-3 


1N5297 


1N5297 




9-3 


1N5298 


1N5298 




9-3 


1N5299 


1N5299 




9-3 


1N5300 


1N5300 




9-3 


1N5301 


1N5301 




9-3 


1N5302 


1N5302 




9-3 



Cross Reference and Index 
2-28 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


similar 


Page 


Number 


Replacement 


Replacement 


Num ber 


I INOOUO 


I INOOUO 




3 


I INOOUH 


1 INOOUH 




9-3 


r IsQOUU 


1 IN30U J 




9-3 


1N5306 


1N5306 




9-3 


1N5307 


1N5307 




9-3 


1 INOOUO 


IMCono 
1 INOOUO 




no 

3 O 


1 NR°.nQ 


i in oouy 




9-3 


1 INOO 1 u 


1 INOO 1 U 




no 

3 


I N I I 


I INOO I I 




no 
3 


IMCOIO 
1 INOO \c. 


I NOG I C 




9-3 


I Noo I 


I INOO I 




Q ^ 
3-0 


1N5314 


1N5314 




9-3 


1MCOOO 
1 NO OOO 


1 INOOOOD 




0^03 


1N5333A 


1N5333B 




6-39 


1N5333B 


1N5333B 




6-39 


1 INOOOOO 


TF 

or 






1 IvUOOOU 


CF 






1 M^*^14 

1 NOOOH 


1 IwOOtD 




0"03 


1 N5334A 


1 INOO OnD 




O-03 


I INOOO*tD 


1 rNOOO^D 




R-<IQ 


l IN0004O 


PF 

Or 






1 IN0004U 


Or 






I INOOOO 


I INoooDd 




o-oy 


1N5335A 


1N5335B 




6-39 


1N5335B 


1N5335B 




6-39 


1 INOOOOO 


Or 






1 INOOOO U 


or 






1 MRO.QR 
I INOOOO 


I IN 0000 D 




c on 

o-oy 


1 NR°.°.RA 
1 INOOOOn 


1 INOOODD 




o-oy 


1 InjoODD 


I INOOOOD 




con 

o-oy 


1 N JOOOU 


CF 






1 NS^fiD 

1 1 WJOUU 


CF 






1 NRn7 


1 INOOO/ D 




0*03 


1N5337A 


1N5337B 




6-39 


1N5337B 


1N5337B 




6-39 


I INOOO/O 


Or 






1 MRT,°.7n 
I iNOoo 1 U 


PF 
Or 






I INOOOO 


I INOOOOD 




o-oy 


I INOOOOn 


I INOOOOD 




con 

o-oy 


1 WR^RRR 
I INOOOOD 


1 INOOOOD 




0-03 


1 INOOOOO 


fF 

Or 






1 INOOOOU 


or 






i inooo3 


1 MROOQR 
I INOOOaD 




C on 
0-03 


1N5339A 


1N5339B 




6-39 


1N5339B 


1N5339B 




6-39 


1N5339C 


CF 






1N5339D 


CF 






1N5340 


1N5340B 




6-39 


1N5340A 


1N5340B 




6-39 


1N5340B 


1N5340B 




6-39 



CF = consult factory representative 



Industry 


Moxoroia 


Motorola 




Kan 


uireci 


similar 


Page 


Number 


nepiacemeni 


nepiacernent 




1 N5340C 


CF 






1ISJR^4f)r) 


CF 






1 N5341 


1 N5341 B 




6-39 


1N5341A 


1N5341B 




6-39 


1N5341B 


1N5341B 




6-39 


1N5341C 


CF 






1NR^4in 


CF 






1 N5342 






6-39 


i itoottri 






6-39 


1 N5342B 


1 N5342B 




6-39 


1 N5342C 


CF 






1 N5342D 


CF 






1 N5343 


1 N5343B 




6-39 


1N5343A 


1N5343B 




6-39 


1N5343B 


1N5343B 




6-39 


1 N5343C 


CF 






1 N5343D 


CF 






1N5344 


1 N5344B 




6-39 


1 N5344A 


1 NS344B 




6-39 


1N5344B 


1 N5344B 




6-39 


1 MR?4ir 

I INOOHnL' 


CF 






1 INOOnHU 


CF 






1 NR°,4R 
I INOOHO 


I INOOOOD 




6-39 


1N5345A 


1N5345B 




6-39 


1N5345B 


1N5345B 




6-39 




CF 






1 MR^4Rn 

I INOO*tOU 


CF 






1 MR?4fi 
I inoo*tu 


1NR/MRR 

1 1 WGHULJ 




6-39 


1 N5346A 


1NS346B 




6-39 


1 N5346B 


1 N5346B 




6-39 


1 N5346C 


CF 






1 N5346D 


CF 






1 N5347 


1N5347B 




6-39 


1N5347A 


1N5347B 




6-39 


1N5347B 


1N5347B 




6-39 


1 N^347C 


CF 






1 1 *o O^T ' io 


CF 






1 N5348 

1 1 *IOU*tU 


1NS348B 




6-39 


1 NS34RA 


1 MR^4RR 




6-39 


1MR^4RR 


1NJRR4RR 

I IwOHOD 






1 N5348C 


CF 






1 N5348D 


CF 






1 NR'UQ 


1NR^4QR 




6-39 


1N5349A 


1N5349B 




6-39 


1N5349B 


1N5349B 




6-39 


1N5349C 


CF 






1N5349D 


CF 






1N5350 


1N5350B 




6-39 


1N5350A 


1N5350B 




6-39 


1N5350B 


1N5350B 




6-39 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-29 



CROSS-REFERENCE (continued) 



Inrinctru 
ii iuuoii y 


Motorola 

mviVI via 


Mntnroln 

mwiui via 




Part 


Direct 


Similar 
*j 1 1 1 1 1 ia i 


Page 


Number 


Reoiacement 


Replacement 


Number 


1N5350C 


CF 







1N5350D 


CF 




_ 


1N5351 


1N5351B 




6-39 


1N5351A 


1N5351B 




6-39 


1N5351B 


1N5351B 




6-39 


1N5351C 


CF 






1N5351D 


CF 






1N5352 


1N5352B 




6-39 


1N5352A 


1N5352B 




6-39 


1N5352B 


1N5352B 




6-39 


1N5352C 


CF 






1N5352D 


CF 






1N5353 


1N5353B 




6-39 


1N5353A 


1N5353B 




6-39 


1N5353B 


1N5353B 




6-39 


1N5353C 


CF 






1N5353D 


CF 






1N5354 


1 N5354B 




6-39 


1N5354A 


1N5354B 




6-39 


1N5354B 


1N5354B 




6-39 


1N5354C 


CF 






1N5354D 


CF 






1N5355 


1N5355B 




6-39 


1N5355A 


1N5355B 




6-39 


1N5355B 


1N5355B 




6-39 


1N5355C 


CF 






1N5355D 


CF 






1N5356 


1 N5356B 




6-39 


1N5356A 


1 N5356B 




6-39 


1N5356B 


1N5356B 




6-39 


1N5356C 


CF 






1N5356D 


CF 






1N5357 


1N5357B 




6-39 


1N5357A 


1N5357B 




6-39 


1N5357B 


1N5357B 




6-39 


1N5357C 


CF 






1N5357D 


CF 






1N5358 


1N6358B 




6-39 


1N5358A 


1N5358B 




6-39 


1N5358B 


1N5358B 




6-39 


1N5358C 


CF 






1N5358D 


CF 






1N5359 


1 N5359B 




6-39 


1N5359A 


1N5359B 




6-39 


1N5359B 


1N5359B 




6-39 


1N5359C 


CF 






1N5359D 


CF 






1N5360 


1N5360B 




6-39 


1N5360A 


1N5360B 




6-39 


1N5360B 


1N5360B 




6-39 



CF = consult factory representative 



InriiiQtrv 

ii iuuou y 


Motorola 


Motorola 




Part 


Direct 


Similar 


Paqe 


Number 


Replacement 


Replacement 


Number 


1N5360C 


CF 







1N5360D 


CF 







1N5361 


1N5361B 




6-39 


1N5361A 


1N5361B 




6-39 


1N5361B 


1N5361B 




6-39 


1N5361C 


CF 






1N5361D 


CF 







1N5362 


1N5362B 




6-39 


1N5362A 


1N5362B 




6-39 


1N5362B 


1N5362B 




6-39 


1N5362C 


CF 







1N5362D 


CF 




- 


1N5363 


1N5363B 




6-39 


1N5363A 


1N5363B 




6-39 


1N5363B 


1N5363B 




6-39 


1N5363C 


CF 






1N5363D 


CF 






1N5364 


1N5364B 




5-39 


1N5364A 


1N5364B 




6-39 


1N5364B 


1N5364B 




6-39 


1N5364C 


CF 






1N5364D 


CF 




_ 


1N5365 


1N5365B 




6-39 


1N5365A 


1N5365B 




6-39 


1N5365B 


1N5365B 




6-39 


1N5365C 


CF 






1N5365D 


CF 






1N5366 


1N5366B 




6-39 


1N5366A 


1N5366B 




6-39 


1N5366B 


1N5366B 




6-39 


1N5366C 


CF 




_ 


1N6366D 


CF 






1N5367 


1N5367B 




6-39 


1N5367A 


1N5367B 




6-39 


1N5367B 


1N5367B 




6-39 


1N5367C 


CF 






1N5367D 


CF 






1N5368 


1 N5368B 




6-39 


1N5368A 


1N5368B 




6-39 


1N5368B 


1N5368B 




6-39 


1N5368C 


CF 






1N6368D 


CF 






1N5369 


1N5369B 




6-39 


1N5369A 


1N5369B 




6-39 


1N5369B 


1N5369B 




6-39 


1N5369C 


CF 






1N5369D 


CF 






1N5370 


1N5370B 




6-39 


1N5370A 


1N5370B 




6-39 


1N5370B 


1N5370B 




6-39 



Cross Reference and Index 
2-30 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



inuusiry 


muioroia 


motorola 




Part 
roil 


Direct 


Similar 

OIIIIIIdF 


PanA 


PlU II lUCI 


ncpiaccfllcll 1 




Nnmhpr 

11 U II 1 UC I 


1 N5370C 


CF 






1N5370D 


CF 






1N5371 


1N5371B 




6-39 


1N5371A 


1N5371B 




6-39 


1N6371B 


1N5371B 




6-39 


1N5371C 


CF 






1N5371D 


CF 






1 N5372 


1N5372B 




6-39 


1 N5372A 


1N5372B 




6-39 


1 N5372B 


1N5372B 




6-39 


1N5372C 


CF 






1N5372D 


CF 






1N5373 


1N5373B 




6-39 


1N5373A 


1N5373B 




6-39 


1N5373B 


1N5373B 




6-39 


1 N5373C 


CF 






1 N5373D 


CF 






1 N5374 


1 N5374B 




6-39 


1 N5374A 


1 N5374B 




6-39 


1 N5374B 


1 N5374B 




6-39 


1 N5374C 


CF 






1 N5374D 


CF 






1N5375 


1N5375B 




6-39 


1N5375A 


1N5375B 




6-39 


1 N5375B 


1 N5375B 




6-39 


1 N5375C 


CF 






1N5375D 


CF 






1 N5376 


1 N5376B 




6-39 


1 N5376A 


1N5376B 




6-39 


1N5376B 


1 N5376B 




6-39 


1N5376C 


CF 






1N5376D 


CF 






1N5377 


1N5377B 




649 


1N5377A 


1N5377B 




6-39 


1 N5377B 


1 N5377B 




6-39 


1 N5377C 


CF 






1 N5377D 


CF 






1 N5378 


1N5378B 




6-39 


1 N5378A 


1N5378B 




6-39 


1 N5378B 


1N5378B 




6-39 


1 N5378C 


CF 






1 N5378D 


CF 






1N5379 


1N5379B 




649 


1N5379A 


1N5379B 




6-39 


1N5379B 


1N5379B 




6-39 


1N5379C 


CF 






1N5379D 


CF 






1N5380 


1N5380B 




6-39 


1N5380A 


1N5380B 




6-39 


1N5380B 


1N5380B 




6-39 



CF = consult factory representative 



Inrli iQtru 
iMuuoii y 


Mntnrnln 


Motorola 

Ifll/LUI WlU 




Part 


Direct 


Similar 


Page 


Number 

nun iuvi 


Replacement 


Replacement 


Number 


1N5380C 


CF 






1N5380D 


CF 






1N5381 


1N5381B 




639 


1N5381A 


1N6381B 




6-39 


1N5381B 


1N5381B 




649 


1N5381C 


CF 






1N5381D 


CF 







1N5382 


1N5382B 




6-39 


1N5382A 


1N5382B 




6-39 


1N5382B 


1N5382B 




6-39 


1N5382C 


CF 







1N5382D 


CF 







1N5383 


1N5383B 




6-40 


1N5383A 


1N5383B 




6-40 


1N5383B 


1N5383B 




6-40 


1N5383C 


CF 






1N5383D 


CF 






1N5384 


1 N5384B 




6-40 


1N5384A 


1N5384B 




6-40 


1N5384B 


1N5384B 




6-40 


1N5384C 


CF 






1N5384D 


CF 






1N5385 


1N5385B 




6-40 


1N5385A 


1N5385B 




6-40 


1N5385B 


1N5385B 




6-40 


1N6385C 


CF 






1N5385D 


CF 




_ 


1N5386 


1N5386B 




6-40 


1N5386A 


1N5386B 




640 


1N5386B 


1N5386B 




6-40 


1N5386C 


CF 






1N5386D 


CF 






1N5387 


1N5387B 




6-40 


1N5387A 


1N5387B 




6-40 


1N5387B 


1N5387B 




6-40 


1N5387C 


CF 






1N5387D 


CF 






1N5388 


1N5388B 




6-40 


1N5388A 


1N6388B 




6-40 


1N5388B 


1N5388B 




6-40 


1N5388C 


CF 






1 N5388D 


CF 






1N5518 




1N5226B 


6-11 


1N5518A 




1N5226B 


6-11 


1N5518B 




1N5226B 


6-11 


1N5518C 




1N5226C 


6-11 


1N5518D 




1N5226D 


6-11 


1N5519 




1N5227B 


6-11 


1N6519A 




1N5227B 


6-11 


1N5519B 




1N5227B 


6-11 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-31 



Number 


Replacement 


Replacement 


Number 


1N5519C 




1N5227C 


6-11 


1N5519D 




1N5227D 


6-11 


1N5520 




MZ5520B 


6-18 


1N5520A 




MZ5520B 


6-18 


1N5520B 




MZ5520B 


6-18 


1N5520C 




CF 





1N5520D 




CF 


- 


1N5521 




MZ5521B 


6-18 


1N5521A 




MZ5521B 


6-18 


1N5521B 




MZ5521B 


6-18 


1N5521C 




CF 





1N5521D 




CF 





1N5522 




MZ5522B 


6-18 


1N5522A 




MZ5522B 


6-18 


1N5522B 




MZ5522B 


6-18 


1N5522C 




CF 





1N5522D 




CF 


- 


1N5523 




MZ5523B 


6-18 


1N5523A 




MZ5523B 


6-18 


1N5523B 




MZ5523B 


6-18 


1N5523C 




CF 





1N5523D 




CF 





1N5524 




MZ5524B 


6-18 


1N5524A 




MZ5524B 


6-18 


1N5524B 




MZ5524B 


6-18 


1N5524C 




CF 





1N5524D 




CF 


- 


1 N5525 




MZ5525B 


6-18 


1N5525A 




MZ5525B 


6-18 


1N5525B 




MZ5525B 


6-18 


1N5525C 




CF 





1N5525D 




CF 





1N5526 




MZ5526B 


6-18 


1N5526A 




MZ5526B 


6-18 


1N5526B 




MZ5526B 


6-18 


1N5526C 




CF 




1N5526D 




CF 


- 


1 N5527 




MZ5527B 


6-18 


1N5527A 




MZ5527B 


6-18 


1N5527B 




MZ5527B 


6-18 


1N5527C 




CF 





1N5527D 




CF 





1N5528 




MZ5528B 


6-18 


1N5528A 




MZ5528B 


6-18 


1N5528B 




MZ5528B 


6-18 


1N5528C 




CF 




1N5528D 




CF 


- 


1 N5529 




MZ5529B 


6-18 


1N5529A 




MZ5529B 


6-18 


1N5529B 




MZ5529B 


6-18 



CF = consult factory representative 



Number 


Replacement 


Replacement 


Number 


1N5529C 




CF 


— 


1N5529D 




CF 


_ 


1N5530 




MZ5530B 


6-18 


1N5530A 




MZ5530B 


6-18 


1N5530B 




MZ5530B 


6-18 


1N5530C 




CF 


_ 


1N5530D 




CF 


- 


1 N5531 




1 N4698 


6-10 


1N5531A 




1N4698 


6-10 


1N5531B 




1N4698 


6-10 


1N5531C 




1N4698C 


6-10 


1N5531D 




1N4698D 


6-10 


1N5532 




1N4699 


6-10 


1N5532A 




1N4699 


6-10 


1N5532B 




1N4699 


6-10 


1N5532C 




1N4699C 


6-10 


1N5532D 




1N4699D 


6-10 


1 N5533 




1N4700 


6-10 


1N5533A 




1N4700 


6-10 


1N5533B 




1N4700 


6-10 


1N5533C 




1N4700C 


6-10 


1N5533D 




1N4700D 


6-10 


1N5534 




1N4701 


6-10 


1N5534A 




1N4701 


6-10 


1N5534B 




1N4701 


6-10 


1N5534C 




1N4701C 


6-10 


1N5534D 




1N4701D 


6-10 


1 N5535 




1 N4702 


6-10 


1N5535A 




1N4702 


6-10 


1N5535B 




1N4702 


6-10 


1N5535C 




1N4702C 


6-10 


1N5535D 




1N4702D 


6-10 


1N5536 




1N4703 


6-10 


1N5536A 




1N4703 


6-10 


1N5536B 




1N4703 


6-10 


1N5536C 




1N4703C 


6-10 


1N5536D 




1N4703D 


6-10 


1 N5537 




1 N4704 


6-10 


1N5537A 




1N4704 


6-10 


1N5537B 




1N4704 


6-10 


1N5537C 




1N4704C 


6-10 


1N5537D 




1N4704D 


6-10 


1N6538 




1N4705 


6-10 


1N5538A 




1N4705 


6-10 


1N5538B 




1N4705 


6-10 


1N5538C 




1N4705C 


6-10 


1N5538D 




1N4705D 


6-10 


1N5539 




1N4706 


6-10 


1N5639A 




1N4706 


6-10 


1N5539B 




1N4706 


6-10 



Cross Reference and Index 
2-32 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




part 


Lfireci 


oimiiar 


Page 


NUmDcr 


nepidcemeni 


nepiacemeni 


MUM 


1 N5539C 




1 N4706C 


6-10 


1N5539D 




1 N4706D 


6-10 


1N5540 




1N4707 


6-10 


1N5540A 




1N4707 


6-10 


1N5540B 




1N4707 


6-10 


1N5540C 




1N4707C 


6-10 


1N5540D 




1N4707D 


6-10 


1N5541 




1N4708 


6-10 


1N5541A 




1N4708 


6-10 


1N5541B 




1N4708 


6-10 


1N5541C 




1N4708C 


6-10 


1 N5541 D 




1N4708D 


6-10 


1N5542 




1N4709 


6-10 


1N5542A 




1N4709 


6-10 


i M5542B 




1 N4709 


6-10 


1 Nissan 




1N4709C 


6-10 


1N5542D 




1 N4709D 

1 l *it / \J& LJ 


6-10 


1 KJ^^-l^ 




1N4710 


6-10 


1 WRSd^A 




1 N4710 


6-10 


1 NIS ( i4^R 




1N4710 


6-10 


1 Nssd^n 

1 IfVWnrv 




1 N471 or. 


6-10 






1 1 It ( 1 UL/ 


6-10 


1N5544 




1N4712 


6-10 


1N5544A 




1N4712 


6-10 


1 N5544B 




1N4712 


6-10 


1 N5544C 




1N4712C 


6-10 


1 N5544D 




1N4712D 


6-10 


1 N5545 




1N4713 


6-10 


1 N5545A 




1N4713 


6-10 


1 N5545B 




1N4713 


6-10 


1N5545C 




1 N471 3C 

1 lit 1 1 \J\J 


6-10 


1N5545D 




1N4713D 

1 1 It 1 1 v Ls 


6-10 


1N5546 




1N4714 


6-10 


1N5546A 




1N4714 


6-10 


1N5546B 




1 N471 4 


6-10 


1 N5546C 




1N4714C 


6-10 


1 N5546D 




1N4714D 


6-10 


1 N5555 




1 N6284A 


4-17 


1 N5556 




1 N6287A 


4-17 


1 N5557 






4-17 


1N5558 




1 N6303A 


4-17 


1 N5559 




1 1 "it / OUri 


6-24 


1N5559A 




1N4736A 


6-24 


1N5559B 




1N4736A 


6-24 


1N5560 




1N4737A 


6-24 


1N5560A 




1N4737A 


6-24 


1N5560B 




1N4737A 


6-24 


1N5561 




1N4738A 


6-24 


1N5561A 




1N4738A 


6-24 


1N5561B 




1N4738A 


6-24 



CF = consult factory representative 



inuuairy 


IVIuiUlula 


IVIUIUi \J\a 




Part 
rail 


Direct 


Similar 

will lllal 


Page 




ncpiawci ■ ivi i v 


R n 1 a c pm en t 


Number 


1N5562 




1N4739A 


6-24 


1N5562A 




1N4739A 


6-24 


1N5562B 




1N4739A 


6-24 


1N5563 




1N4740A 


6-24 


1N5563A 




1N4740A 


6-24 


1N5563B 




1N4740A 


6-24 


1N5564 




1N4741A 


6-24 


1N5564A 




1N4741A 


6-24 


1N5564B 




1N4741A 


6-24 


1N5565 




1N4742A 


6-24 


1N5565A 




1N4742A 


6-24 


1N5565B 




1N4742A 


6-24 


1N5566 




1N4743A 


6-24 


1N5666A 




1N4743A 


6-24 


1 N5566B 




1N4743A 


6-24 


1N5567 




1N4744A 


6-24 


1N5567A 




1N4744A 


6-24 


1N5567B 




1N4744A 


6-24 


1N5568 




1N4745A 


6-24 


1N5568A 




1N4745A 


6-24 


1N5568B 




1N4745A 


6-24 


1N5569 




1N4746A 


6-24 


1N5569A 




1N4746A 


6-24 


1N5569B 




1N4746A 


6-24 


1N5570 




1N4747A 


6-24 


1N5570A 




1N4747A 


6-24 


1N5570B 




1N4747A 


6-24 


1N5571 




1N4748A 


6-24 


1N5571A 




1N4748A 


6-24 


1N5571B 




1N4748A 


6-24 


1N5572 




1N4749A 


6-24 


1N5572A 




1N4749A 


6-24 


1N5572B 




1N4749A 


6-24 


1N5573 




1N4760A 


6-24 


1N5573A 




1N4750A 


6-24 


1N5573B 




1N4750A 


6-24 


1N5574 




1N4751A 


6-24 


1N5574A 




1N4751A 


6-24 


1N5574B 




1N4751A 


6-24 


1N5575 




1N4752A 


6-24 


1N5575A 




1N4752A 


6-24 


1N6575B 




1N4752A 


6-24 


1N5576 




1N4753A 


6-24 


1N5576A 




1N4753A 


6-24 


1N5576B 




1N4753A 


6-24 


1N5577 




1N4754A 


6-24 


1N5577A 




1N4754A 


6-24 


1N5577B 




1N4754A 


6-24 


1N5578 




1N4765A 


6-24 


1N5578A 




1N4765A 


6-24 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-33 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5578B 




1N4755A 


6-24 


1N5579 




1N4756A 


6-24 


1N5579A 




1N4756A 


6-24 


1 MCC7QD 




1 M/17CC A 


ft OA 


1N5580 




1N4757A 


6-24 


1N5580A 




1N4757A 


6-24 


1N5580B 




1N4757A 


6-24 


1N5581 




1N4758A 


6-24 


1N5581A 




1N4758A 


6-24 


1N5581B 




1N4758A 


6-24 


1N5582 




1N4759A 


6-24 


1N5582A 




1N4759A 


6-24 


1N5582B 




1N4759A 


6-24 


1 N5583 




1 N4760A 


6-24 


1N5583A 




1N4760A 


6-24 


1N5583B 




1N4760A 


6-24 


1N5584 




1N4761A 


6-24 


1N5584A 




1N4761A 


6-24 


1N5584B 




1N4761A 


6-24 


1N5585 




1N4762A 


6-24 


1N5585A 




1N4762A 


6-24 


1N5585B 




1N4762A 


6-24 


1N5586 




1N4763A 


6-24 


4 MCCQC A 
1 INOOiJOA 




1N4/DOA 


6-24 


1N5586B 




1N4763A 


6-24 


1N5587 




1N4764A 


6-24 


1N5587A 




1N4764A 


6-24 


1N5587B 




1N4764A 


6-24 


1N5588 




1M110ZS5 


6-36 


1N5588A 




1M110ZS5 


6-36 


1N5588B 




1M110ZS5 


6-36 


1N5589 




1M120ZS5 


6-36 


1N5589A 




1M120ZS5 


6-36 


1 N5589B 




1M120ZS5 


6-36 


1N5590 




1M130ZS5 


6-36 


1N5590A 




1M130ZS5 


6-36 


1N5590B 




1M130ZS5 


6-36 


1N5591 




1M150ZS5 


6-36 


1N5591A 




1M150ZS5 


6-36 


1N5591B 




1M150ZS5 


6-36 


1N5592 




1M160ZS5 


6-36 


1N5592A 




1M160ZS5 


6-36 


1N5592B 




1M160ZS5 


6-36 


1 N5593 




1M180ZS5 


6-36 


1N5593A 




1M180ZS5 


6-36 


1N5593B 




1M180ZS5 


6-36 


1N5594 




1M200ZS5 


6-36 


1N5594A 




1M200ZS5 


6-36 


1N5594B 




1M200ZS5 


6-36 


1N5610 




1N6284A 


4-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6611 




1N6287A 


4-17 


1N5612 




1N6289A 


4-17 


1N5613 




1N6303A 


4-17 








4-17 


1N6629A 




1N6267A 


4-17 


1N5630 




1N6268A 


4-17 


1N5630A 




1N6268A 


4-17 


1N5631 




1N6269A 


4-17 


1N5631A 




1N6269A 


4-17 


1N5632 




1N6270A 


4-17 


1N5632A 




1N6270A 


4-17 


1N5633 




1N6271A 


4-17 


1N5633A 




1N6271A 


4-17 


1 MCCOyl 
1 IN0DO4 




1 MK070A 


A 17 


1N5634A 




1N6272A 


4-17 


1N5635 




1N6273A 


4-17 


1N5635A 




1N6273A 


4-17 


1N5636 




1N6274A 


4-17 


1N5636A 




1N6274A 


4-17 


1N5637 




1N6275A 


4-17 


1N5637A 




1N6275A 


4-17 


1N6638 




1N6276A 


4-17 


1N5638A 




1N6276A 


4-17 


1 MRfiTG 

I iNoooy 




1 MC077A 


A 17 


1N5639A 




1N6277A 


4-17 


1N5640 




1N6278A 


4-17 


1N5640A 




1N6278A 


4-17 


1N5641 




1N6279A 


4-17 


1N5641A 




1N6279A 


4-17 


1N5642 




1N6260A 


4-17 


1N5642A 




1N6280A 


4-17 


1N5643 




1N6281A 


4-17 


1N5643A 




1N6281A 


4-17 








4-17 


1N5644A 




1N6282A 


4-17 


1N5645 




1N6283A 


4-17 


1N5645A 




1N6283A 


4-17 


1N5646 




1N6284A 


4-17 


1N5646A 




1N6284A 


4-17 


1N5647 




1N6285A 


4-17 


1N5647A 




1N6285A 


4-17 


1N5648 




1N6286A 


4-17 


1N5648A 




1N6286A 


4-17 


1N5649 




1 N6287A 


4-17 


1N5649A 




1N6287A 


4-17 


1N5650 




1N6288A 


4-17 


1N5650A 




1N6288A 


4-17 


1N5651 




1N6289A 


4-17 


1N5651A 




1N6289A 


4-17 


1N5652 




1N6290A 


4-17 



Cross Reference and Index 
2-34 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



In/Hi ictru 
lilUU t>u y 


mULUf Uld 


Mntnrnla 




Part 


Direct 


Similar 

\J 1 1 1 II ICH 


Page 




Rpnlarpmpnt 

ncpiav^i i Ivi 1 i 


Replacement 


Number 


1N5652A 




1N6290A 


4-17 


1N5653 




1N6291A 


4-17 


1N5653A 




1N6291A 


4-17 


1N5654 




1N6292A 


4-17 


1N5654A 




1N6292A 


4-17 


1N5655 




1N6293A 


4-17 


1N5655A 




1N6293A 


4-17 


1N5656 




1N6294A 


4-17 


1N5656A 




1N6294A 


4-17 


1N5657 




1N6295A 


4-17 


1N5657A 




1N6295A 


4-17 


1N5658 




1N6296A 


4-17 


1N5658A 




1N6296A 


4-17 


1N5659 




1N6297A 


4-17 


1N5659A 




1N6297A 


4-17 


1N5660 




1N6298A 


4-17 


1N5660A 




1 N6298A 


4-17 


1N5661 




1 N6299A 


4-17 


1N5661A 




1 N6299A 


4-17 


1N5662 




1 N6300A 


4-17 


1N5662A 




1N6300A 


4-17 


1N5663 




1N6301A 


4-17 


1N5663A 




1N6301A 


4-17 


1N5664 




1N6302A 


4-17 


1 N5664A 




1 N6302A 


4-17 


1N5665 




1 N6303A 


4-17 


1N5665A 




1N6303A 


4-17 


1N5728B 




1N5992B 


6-13 


1N5728C 




1 N5992C 


6-13 


1N5728D 




1N5992D 


6-13 


1N5729B 




1N5993B 


6-13 


1N5729C 




1N5993C 


6-13 


1N5729D 




1N5993D 


6-13 


1N5730B 




1N5994B 


6-13 


1N5730C 




1N5994C 


6-13 


1N5730D 




1N5994D 


6-13 


1N5731B 




1N5995B 


6-13 


1N5731C 




1N5995C 


6-13 


1N5731D 




1 N5995D 


6-13 


1N5732B 




1N5996B 


6-13 


1N5732C 




1N5996C 


6-13 


1N5732D 




1N5996D 


6-13 


1N5733B 




1N5997B 


6-13 


1N5733C 




1N5997C 


6-13 


1N5733D 




1N5997D 


6-13 


1N5734B 




1N5998B 


6-13 


1N5734C 




1N5998C 


6-13 


1N5734D 




1N5998D 


6-13 


1N5735B 




1N5999B 


6-13 


1N5735C 




1N5999C 


6-13 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5735D 




1N5999D 


6-13 


1N5736B 




1N6000B 


6-13 


1N5736C 




1N6000C 


6-13 


1N5736D 




1N60UUL) 


6-13 


1N5737B 




1N6001B 


6-13 


1N5737C 




1N6001C 


6-13 


1N5737D 




1N6001D 


6-13 


1N5738B 




1N6002B 


6-13 


1N6738C 




1N6002C 


6-13 


1N5738D 




1N6002D 


6-13 


1N5739B 




1N6003B 


6-13 


1N5739C 




1N6003C 


6-13 


1N5739D 




1N6003D 


6-13 


1N5740B 




1 N6004B 


6-13 


1N5740C 




1N6004C 


6-13 


1N5740D 




1N6004D 


6-13 


1N5741B 




1N6005B 


6-13 


1N5741C 




1N6005C 


6-13 


1N5741D 




1N6005D 


6-13 


1N5742B 




1N6006B 


6-13 


1N5742C 




1N6006C 


6-13 


1N5742D 




1N6006D 


6-13 


1N5743B 




1N6007B 


6-13 


1N5743C 




1N6007C 


6-13 


1N5743D 




1N6007D 


6-13 


1N5744B 




1N6008B 


6-13 


1N5744C 




1N6008C 


6-13 


1N5744D 




1N6008D 


6-13 


1N5745B 




1N6009B 


6-13 


1N5745C 




1N6009C 


6-13 


1N5745D 




1N6009D 


6-13 


1N5746B 




1N6010B 


6-13 


1N5746C 




1N6010C 


6-13 


1 N5746D 




1N6010D 


6-13 


1N5747B 




1N6011B 


6-13 


1N5747C 




1N6011C 


6-13 


1N5747D 




1N6011D 


6-13 


1N5748B 




1N6012B 


6-13 


1N5748C 




1N6012C 


6-13 


1N5748D 




1N6012D 


6-13 


1N6749B 




1N6013B 


6-13 


1N5749C 




1N6013C 


6-13 


1N5749D 




1N6013D 


6-13 


1N5750B 




1N6014B 


6-13 


1N5750C 




1N6014C 


6-13 


1N5750D 




1N6014D 


6-13 


1N5761B 




1N6015B 


6-13 


1N5751C 




1N6015C 


6-13 


1N5751D 




1N6015D 


6-13 


1N5752B 




1N6016B 


6-13 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5752C 




1N6016C 


6-13 


1N5752D 




1N6016D 


6-13 


1N5753B 




1N6017B 


6-13 


1N5753C 




1N6017C 


6-13 


1N5753D 




1N6017D 


6-13 


1N5754B 




1N6018B 


6-13 


1N5754C 




1N6018C 


6-13 


1N5754D 




1N6018D 


6-13 


1N5755B 




1N6019B 


6-13 


1N5755C 




1N6019C 


6-13 


1N5755D 




1N6019D 


6-13 


1N5756B 




1N6020B 


6-13 


1N5756C 




1N6020C 


6-13 


1N5756D 




1N6020D 


6-13 


1N5757B 




1N6021B 


6-13 


1N5757C 




1N6021C 


6-13 


1N5757D 




1N6021D 


6-13 


1N5837 




1N5221B 


6-11 


1N5837A 




1N5221B 


6-11 


1N5837B 




1N5221B 


6-11 


1N5838 




1N5222B 


6-11 


1N5838A 




1N5222B 


6-11 


1N5838B 




1N5222B 


6-11 


1N5839 




1 N5223B 


6-11 


1N5839A 




1N5223B 


6-11 


1N5839B 




1N5223B 


6-11 


1N5840 




1N5224B 


6-11 


1N5840A 




1N5224B 


6-11 


1N5840B 




1N5224B 


6-11 


1N5841 




1N5225B 


6-11 


1N5841A 




1N5225B 


6-11 


1N5841B 




1N5225B 


6-11 


1N5842 




1N5226B 


6-11 


1N5842A 




1 N5226B 


6-11 


1N5842B 




1N5226B 


6-11 


1N5843 




1N5227B 


6-11 


1N5843A 




1N5227B 


6-11 


1N5843B 




1N5227B 


6-11 


1N5844 




1N5228B 


6-11 


1N5844A 




1N5228B 


6-11 


1N5844B 




1N5228B 


6-11 


1N5845 




1N5229B 


6-11 


1N5845A 




1N5229B 


6-11 


1N5845B 




1N5229B 


6-11 


1N5846 




1N5230B 


6-11 


1N5846A 




1N5230B 


6-11 


1N5846B 




1N5230B 


6-11 


1N5847 




1N5231B 


6-11 


1N5847A 




1N5231B 


6-11 


1N5847B 




1N5231B 


6-11 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5848 




1N5232B 


6-11 


1N6848A 




1N5232B 


6-11 


1N5848B 




1N6232B 


6-11 


1 N5849 




1 N5233B 


6-11 


1N5849A 




1N5233B 


6-11 


1N5849B 




1N5233B 


6-11 


1N5850 




1N5234B 


6-11 


1N5850A 




1N6234B 


6-11 


1N5850B 




1N5234B 


6-11 


1N5851 




1N5235B 


6-11 


1N5851A 




1N5235B 


6-11 


1N5851B 




1N5235B 


6-11 


1N5852 




1N5236B 


6-11 


1N5852A 




1N5236B 


6-11 


1N5852B 




1N5236B 


6-11 


1N5853 




1N5237B 


6-11 


1N6853A 




1N5237B 


6-11 


1N5853B 




1N5237B 


6-11 


1N5854 




1N5238B 


6-11 


1N5854A 




1N6238B 


6-11 


1N5854B 




1N5238B 


6-11 


1N5855 




1N5239B 


6-11 


1N5855A 




1N5239B 


6-11 


4 klrnrrn 

1 N5855B 




1 N5239B 


6-11 


1N5856 




1N5240B 


6-11 


1N5856A 




1N5240B 


6-11 


1N5856B 




1N5240B 


6-11 


1N5857 




1N5241B 


6-11 


1N5857A 




1N5241B 


6-11 


1N5857B 




1N5241B 


6-11 


1N5858 




1N5242B 


6-11 


1N5858A 




1N5242B 


6-11 


1N5858B 




1N5242B 


6-11 


1N5859 




1N5243B 


6-11 


1N5859A 




1N5243B 


6-11 


1N5859B 




1N5243B 


6-11 


1N5860 




1N5244B 


6-11 


1N5860A 




1N5244B 


6-11 


1N5860B 




1N5244B 


6-11 


1N5861 




1N5245B 


6-11 


1N5861A 




1N5245B 


6-11 


1N5861B 




1N5245B 


6-11 


1N5862 




1N5246B 


6-11 


1N5862A 




1N5246B 


6-11 


1N5862B 




1N6246B 


6-11 


1N5863 




1N5247B 


6-11 


1N5863A 




1N5247B 


6-11 


1N5863B 




1N5247B 


6-11 


1N5864 




1N5248B 


6-11 


1N5864A 




1N5248B 


6-11 



Cross Reference and Index 
2-36 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


l| lim L... 

Numoer 


I INOOO*fD 




1 INOitOD 


fi-11 

I I 


I InOOOO 




1 

I INO^IBD 


fi-11 


1N5865A 




1N5249B 


6-11 


1N5865B 




1N5249B 


6-11 


1 Nfc.fifi.fi 
I INOOOO 




1 INOZ JUD 


6-11 


I iNuOOOn 




1 M£9*tffl 
1 INOtiDUD 


6-11 


1 Nfc.P.fifiR 




1 M^Qfl 
1 NO^DUD 


6-11 


1 NJE.fifi.7 
I INOOu / 




I INO^O I D 


fi-11 


1 INOOD 1 A 




1 iNOd 1 D 


R.11 


1 Mfiftfi7R 
I VfUBQl B 




1 WWSIR 
1 NOc 1 D 


fi-11 


1 M COR D 




1 MK9K.9R 


fi_11 
0- 1 I 


1 INOOOoA 




1 NJfi'JCOR 
I ViOdOcD 


fi-11 


1N5868B 




1N5252B 


6-11 


1N5869 




1N5253B 


6-11 






1 KICOCQD 

1 INO^OOD 


R 11 

0-11 


1 MCOCOD 

i Noooyb 




1 ME0E3Q 


b-i i 


1 MCQ7n 

lNOoYU 






0-11 


1 MRD7HA 
IINSOVUA 






O-ll 


llNOO/Ub 






R 11 

0-11 


1 MEQ7 1 
1NOO/1 




1 MEOEEQ 


R 11 

0-11 


1 MEQ.71 A 
lNOOVlA 




1 MEOEED 


R 11 

o-n 


1 MEQ71 D 
lNOOV lb 




1 MEOEED 


R 11 

0-11 


1N5872 




1N5256B 


6-11 


1N5872A 




1N5256B 


6-11 


1 MC07OD 




1 IND^Obb 


6-11 


IINOO/O 




1 ME0K7D 


fi 11 
0-11 


I InOO/ On 




1 MC0C7P 
lINOtO/b 


R 11 

0-11 


1 INOO/ Ob 




1 MEOC7P 


R 11 

0-11 


1 MCQ7/1 

1 NOO/4 




1 MEOEQD 
1 N02bOD 


6-11 


1 MEQ7/1 A 




IfNO^OOb 


fi 11 
0-11 


1 MER7AR 




1 mcocbr 

I InD^OOD 


fi-11 

o-i I 


1 NIEP.7E 




1 MEOEQR 


fi_1 1 
0-11 


1N5875A 




1N5259B 


6-11 


1N5875B 




1N5259B 


6-11 


I lNOo/ D 




1 MCOCftD 

1 (NO<;bUb 


0-11 


1 MEQ7RA 
1 NOO/DA 




1 KicocrtD 
lNb^bUb 


6-11 


llNOO/DD 




1 Nb<;bUb 


6-11 


1 MEQ77 




1 N5261 d 


6-11 


1 MEQ77A 
INOOf In 




1 N5261 b 


6-11 


1 KICQ77D 
1 INOOf to 




* MCOC1 □ 

lNo^blb 


6-11 


1 MK.Q7R 
I INOo/O 




1 MEOROD 


6-11 


1 K1CQ7QA 

lnibo/oA 




■1 K1COCOD 


6-11 


1N5878B 




1N5262B 


6-11 


1N5879 




1N5263B 


6-11 


1N5879A 




1N5263B 


6-11 


1N5879B 




1N5263B 


6-11 


1N5880 




1N5264B 


6-11 


1N5880A 




1N5264B 


6-11 


1N5880B 




1N5264B 


6-11 


1N5881 




1N5265B 


6-11 



CF = consult factory representative 



Industry 


Motorola 


Unlnrnlo 

Motorola 




Part 


U I reel 


ei m l|ar 


Pane 
rage 


Numoer 


Replacement 


Replacement 


Mi imhar 


1 1 1 JOO 1 r\ 




1 N5265B 


6-11 


1NS881 R 




1 N5265B 


6-11 


1N5882 




1N5266B 


6-12 


1N5882A 




1N5266B 


6-12 


1 N5882B 




1 N5266B 


6-12 


1N5883 

1 1 ivUUu 




1N5267B 


6-12 


1 N5883A 




1 N5267B 


6-12 


1 N5883B 




1 N5267B 


6-12 


1 N6884 




1 N5268B 


6-12 


1N5884A 




1N5268B 


6-12 


1 NS884R 




1 N5268B 


6-12 


1N5885 




1 N5269B 


6-12 


1N5885A 




1N5269B 


6-12 


1N5885B 




1N5269B 


6-12 


1 NJRftftfi 




1 M^?7f)R 


6-12 


1 INOOODA 




1 W-Jl. 1 UD 


6-12 


1 NSRfifiR 

1 IN JOOUD 




1 N5270B 

1 1 VOL. 1 UD 


6-12 


1 N<^Rfi7 




insptir 


6-12 


1 N<iBR7A 
I injoo/ n 




1NR971R 

IIVOCI ID 


6-12 


1 ME.QQ7R 




1MS971R 


6-12 


1 1HQOOO 




1NS57PR 

I I » Oc. 1 l-O 


6-12 


i IVOOOOrt 




\ IN ■J.C 1 CO 


6-12 


1N5888B 




1N5272B 


6-12 


1N5889 




1N5273B 


6-12 


1 NRfifiQA 
I l"iOOOyn 




1 W C »97^R 


6-12 


1 M^fifiQR 




1 / OD 


6-12 






1NSP74.R 


6-12 


I iiv)03Un 




1 IN / tD 


6-12 


I IN003UD 




1 NJ ( i974R 

I iNOc/ to 


6-12 


1 (XiJO? 1 




1 IN -Ji- 1 JD 


6-12 


1N5891A 




1 1 1 <JO 


6-12 


1N5891B 




1 N5275B 

1 IVvL t *JO 


6-12 


1N5892 




1N5276B 


6-12 


1N5892A 




1N5276B 


6-12 


1 MSfiQPR 




1 N c i27fiR 

1 IN J<1 1 UD 


6-12 


I IN30I30 




1 NRP77R 


6-12 


1 M^fiQIA 

1 NDoyOA 




1MC077R 
1 ViOc 1 1 □ 


0- \c 






1 INOZ 1 fa 


0- ] t 


I INOODH 




1 IN Oil 1 OD 




1 W^fiQilA 




1KJEO70R 
1 InOc / OD 


U- l£ 


1 Nl^ftQ4R 

I \ H JOstD 




I INUiC 1 OD 


6-12 


I J 




I INOfl I 3D 


6-12 


1N5895A 




1N5279B 


6-12 


1N5895B 




1N5279B 


6-12 


1N5896 




1N5280B 


6-12 


1N5896A 




1N5280B 


6-12 


1N5896B 




1N5280B 


6-12 


1N5897 




1N5281B 


6-12 


1N5897A 




1N5281B 


6-12 


1N5897B 




1N5281B 


6-12 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-37 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5907 




1N5908 


4-16 


1N5908 


1N5908 




4-16 


1N5913 


1N5913B 




631 


1N5913A 


1N5913B 

1 1 1 w U 




6-31 


1N5913B 


1N5913B 




6-31 


1N5914 


1N5914B 




6-31 


1N5914A 


1N5914B 




6-31 


1N5914B 


1N5914B 




6-31 


1N5915 


1N5915B 




6-31 


1N5915A 


1N5915B 




6-31 


1N5915B 


1N5915B 




6-31 


1N5916 


1N5916B 




6-31 


1N5916A 


1N5916B 




6-31 


1 MR0.1 RR 


1 MKQ1 RR 




O"o I 


1N5917 


1N5917B 




6-31 


1N5917A 


1N5917B 




6-31 


1N5917B 


1N5917B 




6-31 


1N5918 


1N5918B 




6-31 


1N5918A 


1N5918B 




6-31 


1N5918B 


1N5918B 




6-31 


1N5919 


1N5919B 




6-31 


1N5919A 


1N5919B 




6-31 


1N5919B 


1N5919B 




6-31 




I IN3*7£UD 




D-0 I 


1N5920A 


1N5920B 




6-31 


1N5920B 


1N5920B 




6-31 


1N5921 


1N5921B 




6-31 


1N5921A 


1N5921B 




6-31 


1N5921B 


1N5921B 




6-31 


1N5922 


1N5922B 




6-31 


1N5922A 


1N5922B 




6-31 


1N5922B 


1N5922B 




6-31 


1N5923 


1N5923B 




6-31 








D-Ol 


1N5923B 


1N5923B 




6-31 


1N5924 


1N5924B 




6-31 


1N5924A 


1N5924B 




6-31 


1N5924B 


1N5924B 




6-31 


1N5925 


1N5925B 




631 


1N5925A 


1N5925B 




6-31 


1N5925B 


1N5925B 




6-31 


1N5926 


1N5926B 




6-31 


1N5926A 


1N5926B 




6-31 




i iNoy^bb 




6-31 


1N5927 


1N5927B 




6-31 


1N5927A 


1N5927B 




6-31 


1N5927B 


1N5927B 




6-31 


1N5928 


1N5928B 




6-31 


1N5928A 


1N5928B 




6-31 


1N5928B 


1N5928B 




6-31 



CF = consult fac 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5929 


1N5929B 




6-31 


1N5929A 


1N5929B 




6-31 


1N6929B 


1N5929B 




6-31 


1N5930 


1 N5930B 




6-31 


1N5930A 


1N5930B 




6-31 


1N5930B 


1N5930B 




6-31 


1N5931 


1N5931B 




6-31 


1N5931A 


1N5931B 




6-31 


1N5931B 


1N5931B 




6-31 


1N5932 


1N5932B 




6-31 


1N5932A 


1N5932B 




6-31 


1N5932B 


1N5932B 




6-31 


1N5933 


1N5933B 




6-31 


1 N5933A 


1 N5933B 




6-31 


1N5933B 


1N5933B 




6-31 


1N5934 


1N5934B 




6-31 


1N5934A 


1N5934B 




6-31 


1N5934B 


1N5934B 




6-31 


1N5935 


1N5935B 




6-31 


1N5935A 


1N5935B 




6-31 


1N5935B 


1N5935B 




6-31 


1N5936 


1N5936B 




6-31 


1N5936A 


1N5936B 




6-31 


1N5936B 


1N5936B 




6-31 


1N5937 


1N5937B 




6-31 


1N5937A 


1N5937B 




6-31 


1N5937B 


1N5937B 




6-31 


1N5938 


1N5938B 




6-31 


1N5938A 


1N5938B 




6-31 


1N5938B 


1N5938B 




6-31 


1N5939 


1N5939B 




6-31 


1N5939A 


1N5939B 




6-31 


1N5939B 


1N5939B 




6-31 


1 N5940 


1 N5940B 




6-31 


1N5940A 


1N5940B 




6-31 


1N5940B 


1N5940B 




6-31 


1N5941 


1N5941B 




6-31 


1N5941A 


1N5941B 




6-31 


1N5941B 


1N5941B 




6-31 


1N5942 


1N5942B 




6-31 


1N6942A 


1N5942B 




6-31 


1N5942B 


1N5942B 




6-31 


1N5943 


1N5943B 




6-31 




1 INOtf*t JD 




D-Ol 


1N6943B 


1N5943B 




6-31 


1N5944 


1N5944B 




6-31 


1N5944A 


1N5944B 




6-31 


1N5944B 


1N5944B 




6-31 


1N6945 


1N5945B 




6-31 


1N5945A 


1N5945B 




6-31 



Cross Reference and Index 
2-38 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


MOTOrOla 




Dart 

ran 


films** 


Qlmllar 

olmiiar 


_ 

Page 


NumDcr 


Replacement 


DanlaMinAnt 

nepiaComeni 


NumhAr 

11 U! 1 1 


1 N5945B 


1N5945B 




6-31 


1N5946 


1N5946B 




6-31 


1N5946A 


1N5946B 




6-31 


1N5946B 


1N5946B 




6-31 


1N5947 


1N5947B 




6-31 


1N5947A 


1NS947B 




6-31 


1N5947B 


1N5947B 




6-31 


1N5948 


1N5948B 




6-32 


1NS948A 


1N5948B 




6-32 


1N5948B 


1N5948B 




6-32 


1 N5949 


1 N5949B 




6-32 


1 NS949A 


1 NS949B 




6-32 


1N5949B 


1N5949B 




6-32 


1N5950 


1N5950B 




6-32 




1 NSQSOR 




6-32 


1 N5950B 


1 N5950B 




6-32 




1 N^Qh 1 R 




6-32 


1N5951A 


1 NS951 B 




6-32 


1 N5951 B 


1 NS951 B 

1 1 W 0\J 1 LI 




6-32 


1 N5952 


1 N5952B 




6-32 


1 N5952A 


1 N5952B 




6-32 


1 N5952B 


1 N5952B 




6-32 


1N5953 


1N5953B 




6-32 


1N5953A 


1N5953B 




6-32 


1 N59S3B 


1 N5953B 




6-32 


1 NS954 


1 N5954B 




6-32 


1 N5954A 


1 N5954B 




6-32 


1 N5954B 


1 N5954B 




6-32 


1 N5955 


1 NS955B 




6-32 


1 N5955A 


1 NS9S5B 




6-32 


1 N5955B 


1 N5955B 




6-32 


1 N5956 


1 N5956B 




6-32 


1N5956A 


1N5956B 




6-32 


1N5956B 


1N5956B 




6-32 


1 N5985 


1 NSQftSR 

1 HvJ JuJu 




6-13 


1 N5985A 


1 N^QftSR 

1 liJTOJD 




6-13 


1 N5985B 


i N5985B 




6-13 


1 N5985C 


1 N5985C 




6-13 


1 N5985D 


1 N5985D 




6-13 


1 N5986 


i MSQ86B 




6-13 


1 N5986A 


1 N5986B 




6-13 


1 N5986B 


1 N5986B 




6-13 


1N5986C 


1N5986C 




6-13 


1N5986D 


1NS986D 




6-13 


1N5987 


1N5987B 




6-13 


1N5987A 


1N5987B 




6-13 


1N5987B 


1N5987B 




6-13 


1N5987C 


1N5987C 




6-13 


1N5987D 


1N5987D 




6-13 


1N5988 


1N5988B 




6-13 



CF = consult factory representative 



inuusiry 


motorola 


Mntnml a 

motorola 




Part 


Direct 


Similar 


Page 




RonlAPAmont 

riwL/luLrwl 1 1 01 1 I 


Rpnlappmpnt 


Number 


1N5988A 


1N5988B 




6-13 


1N5988B 


1N5988B 




6-13 


1N5988C 


1N5988C 




6-13 


1N5988D 


1N5988D 




6-13 


1N5989 


1N5989B 




6-13 


1N5989A 


1N5989B 




6-13 


1N5989B 


1N5989B 




6-13 


1N5989C 


1N5989C 




6-13 


1N5989D 


1N5989D 




6-13 


1N5990 


1N5990B 




6-13 


1N5990A 


1N5990B 




6-13 


1 N5990B 


1N5990B 




6-13 


1N5990C 


1N5990C 




6-13 


1N5990D 


1N5990D 




6-13 


1N5991 


1N5991B 




6-13 


1NS991A 


1 N5991 B 




6-13 


1 N5991 B 


1N5991B 




6-13 


1N5991C 


1N5991C 




6-13 


1 N5991 D 


1N5991D 




6-13 


1 N5992 


1 N5992B 




6-13 


1 N5992A 


1N5992B 




6-13 


1 N5992B 


1 N5992B 




6-13 


1N5992C 


1N5992C 




6-13 


1N5992D 


1N5992D 




6-13 


1 N5993 


1N5993B 




6-13 


1 N5993A 


1 N5993B 




6-13 


1N5993B 


1N5993B 




6-13 


1N5993C 


1N5993C 




6-13 


1N5993D 


1N5993D 




6-13 


1N5994 


1N5994B 




6-13 


1N5994A 


1N5994B 




6-13 


1N5994B 


1N5994B 




6-13 


1N5994C 


1N5994C 




6-13 


1N5994D 


1N5994D 




6-13 


1N5995 


1N5995B 




6-13 


1NS995A 


1N5995B 




6-13 


1NS995B 


1N5995B 




6-13 


1N5995C 


1 N5995C 




6-13 


1N5995D 


1N5995D 




6-13 


1N5996 


1 N5996B 




6-13 


1N5996A 


1NS996B 




6-13 


1 N5996B 


1 N5996B 




6-13 


1N5996C 


1N5996C 




6-13 


1N5996D 


1N5996D 




6-13 


1N5997 


1N5997B 




6-13 


1N5997A 


1N5997B 




6-13 


1N5997B 


1N5997B 




6-13 


1N5997C 


1N5997C 




6-13 


1N5997D 


1N5997D 




6-13 


1N5998 


1N5998B 




6-13 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-39 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N5998A 


1N5998B 




6-13 


1N5998B 


1N5998B 




6-13 


1N5998C 


1NS998C 




6-13 


1N5998D 


1N5998D 




6-13 


1N5999 


1N5999B 




6-13 


1N5999A 


1N5999B 




6-13 


1N5999B 


1N5999B 




6-13 


1N5999C 


1N5999C 




6-13 


1N5999D 


1N5999D 




6-13 


1N6000 


1N6000B 




6-13 


1N6000A 


1N6000B 




6-13 


1N6000B 


1N6000B 




6-13 


1N6000C 


1N6000C 




6-13 


1N6000D 


1N6000D 




6-13 


1N6001 


1N6001B 




6-13 


1N6001A 


1N6001B 




6-13 


1N6001B 


1N6001B 




6-13 


1N6001C 


1N6001C 




6-13 


1N6001D 


1N6001D 




6-13 


1N6002 


1N6002B 




6-13 


1N6002A 


1N6002B 




6-13 


1N6002B 


1N6002B 




6-13 


1N6002C 


1N6002C 




6-13 


1N6002D 


1N6002D 




6-13 


1N6003 


1N6003B 




6-13 


1N6003A 


1N6003B 




6-13 


1N6003B 


1N6003B 




6-13 


1N6003C 


1N6003C 




6-13 


1N6003D 


1N6003D 




6-13 


1N6004 


1N6004B 




6-13 


1N6004A 


1N6004B 




6-13 


1N6004B 


1N6004B 




6-13 


1N6004C 


1N6004C 




6-13 


1N6004D 


1N6004D 




6-13 


1N6005 


1N6005B 




6-13 


1N6005A 


1N6005B 




6-13 


1N6005B 


1N6006B 




6-13 


1N6005C 


1N6006C 




6-13 


1N6005D 


1N6005D 




6-13 


1N6006 


1N6006B 




6-13 


1N6006A 


1N6006B 




6-13 


1N6006B 


1N6006B 




6-13 


1N6006C 


1N6Q06C 




6-13 


1N6006D 


1N6006D 




6-13 


1N6007 


1N6007B 




6-13 


1N6007A 


1N6007B 




6-13 


1N6007B 


1N6007B 




6-13 


1N6007C 


1N6007C 




6-13 


1N6007D 


1N6007D 




6-13 


1N6008 


1N6008B 




6-13 




1 


— 


. 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6008A 


1N6008B 




6-13 


1N6008B 


1N6008B 




6-13 


1N6008C 


1N6008C 




6-13 


INOUOoU 


1 NOUUoU 




0-1 J 


1N6009 


1N6009B 




6-13 


1N6009A 


1N6009B 




6-13 


1N6009B 


1N6009B 




6-13 


1N6009C 


1N6009C 




6-13 


1N6009D 


1N6009D 




6-13 


1N6010 


1N6010B 




6-13 


1N6010A 


1N6010B 




6-13 


1N6010B 


1N6010B 




6-13 


1N6010C 


1N6010C 




6-13 


1N60100 


1N6010D 




6-13 


1N6011 


1N6011B 




6-13 


1N6011A 


1N6011B 




6-13 


1N6011B 


1N6011B 




6-13 


1N6011C 


1N6011C 




6-13 


1N6011D 


1N6011D 




6-13 


1N6012 


1N6012B 




6-13 


1N6012A 


1N6012B 




6-13 


1N6012B 


1N6012B 




6-13 


1N6012C 


1N6012C 




6-13 


1N6012D 


1N6012D 




6-13 


1N6013 


1N6013B 




6-13 


1N6013A 


1N6013B 




6-13 


1N6013B 


1N6013B 




6-13 


1N6013C 


1N6013C 




6-13 


1N6013D 


1N6013D 




6-13 


1N6014 


1N6014B 




6-13 


1N6014A 


1N6014B 




6-13 


1N6014B 


1N6014B 




6-13 


1N6014C 


1N6014C 




6-13 


1N6014D 


1N6014D 




6-13 


1N6015 


1N6016B 




6-13 


1N6015A 


1N6015B 




6-13 


1N6015B 


1N6015B 




6-13 


1N6015C 


1N6015C 




6-13 


1N6015D 


1N6015D 




6-13 


1N6016 


1N6016B 




6-13 


1N6016A 


1N6016B 




6-13 


1N6016B 


1N6016B 




6-13 


1N6016C 


1N6016C 




6-13 


1N6016D 


1N6016D 




6-13 


1N6017 


1N6017B 




6-13 


1N6017A 


1N6017B 




6-13 


1N6017B 


1N6017B 




6-13 


1N6017C 


1N6017C 




6-13 


1N6017D 


1N6017D 




6-13 


1N6018 


1N6018B 




6-13 









Cross Reference and Index 
2-40 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 




I injou ion 


1 Nfi01 RR 




6-13 


1Nfifi1fiR 

1 INOU I OD 


1 Nfif)1 ft R 




6-13 


1N6018C 


1N6018C 




6-13 


1N6018D 


1N6018D 




6-13 


I INJOU I 3 


1 HUU 1 3D 




6-13 


1 INDU 1 »n 


1 IMQU 1 3Q 




6-13 


1 MRD1 QR 


I INUU I 3D 




6-13 


1 INOU 1 


1 WfifUQP 




D~ 1 J 




1 MRman 
i iNouiyu 




tr I 


1 NOU^U 






D- 1 


1 NOUtUn 


1 MfinonR 




R-11 


1 Mfinonn 


I IMDUiiUD 




D- 1 


1N6020C 


1N6020C 




6-13 


1N6020D 


1N6020D 




6-13 




1 Mfinoi R 
1 INOU£ 1 D 




R 11 
0- 10 


1 Mfinoi A 


1 Mfinoi R 

llNOUil D 




R-11 
D" 10 


iMfiHOIR 


1MR091 R 




0- 10 


1 Mfinoi p 


1 Mfinoi r* 




R-11 
0" 1 


1 Mfinoi n 


1 Mfinoi n 




R-11 
0" 10 


IMfilTOO 


1 Mfi/IOOR 
I INDUED 






1 MftnOO A 


1 MfinOOR 




R-11 
0- 1 




1 MfinOOD 




fi_1 


1N6022C 


1N6022C 




6-13 


1N6022D 


1N6022D 




6-13 


1 MCnOQ 
1 NOUtO 


1 MfiHOTQ 
1 INJoU^JD 




fi_1 Q 

0-1 o 


1 INOUZOn 






fi_1 
D-IO 


1 m ft no in 


1 MfinOIQ 
I NOuYoO 




ft_1 Q 


i nouioo 


1 NouYoO 




6-13 


1 Mfinoin 
1 iMDU<: oL) 


1 Mfinoi n 




fi_1 1 


1 Mfinoi 


1 MRD9AR 




fi-11 
o- 1 


1 hJdr\OA A 
I l*JOUc*ln 


1 MfinO/IR 




fi_1 1 
D-lO 


I INDlrctD 






fi_1 1 
0- 1 o 


1N6024C 


1N6024C 




6-13 


1N6024D 


1N6024D 




6-13 


IMfinOG 


1 Mfinoi R 




fi_1 1 
0- 1 


1 MfiAOfiA 


1 MROOfiR 




0-1 


1 MfiflOfiR 


1 WfiflOfiR 




ft_1 1 
0-1 


iMfinocp 


1 MRno^r 




fi_1 


I INDUiO U 


1 Mfinoi n 




0-1 


IMRHOR 




1 MK071Q 
\ND£l OD 


fi_1 


1 NRnOfi A 




1 Mfi071R 
I INOt I OD 


D-lt 


1 MfinORR 




1 MC071Q 


ft_1 


1N6027 




1N5274B 


6-12 


1N6027A 




1N5274B 


6-12 


1N6027B 




1N5274B 


6-12 


1N6028 




1N5276B 


6-12 


1N6028A 




1N5276B 


6-12 


1N6028B 




1N5276B 


6-12 


1N6029 




1N5277B 


6-12 


1N6029A 




1N6277B 


6-12 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


similar 


Page 


Number 


Replacement 


Replacement 


M i imhor 


1N6029B 




1 N5277B 


6-12 


1N6030 




1N5279B 


6-12 


1N6030A 




1N5279B 


6-12 


1N6030B 




1N5279B 


6-12 


1N6031 




1N5281B 


6-12 


1N6031A 




1N5281B 


6-12 


1N6031B 




1N5281B 


6-12 


1 Mfifllfi 

1 INUUGU 




1 5KE7 5CA 


4-17 


1MRD1RA 




•1 CPA 


4-17 


1 Mfifl17 

1 1NUU0 t 




1 5KE8 2CA 


4-17 


1 NR017A 




1 5KE8 2CA 


4-17 


INRDIR 

1 INDUOO 




1 WFS 10A 


4-17 


1N6038A 




1.5KE9.1CA 


4-17 


1N6039 




1.5KE10CA 


4-17 


i iNDUoan 




1 'iKFinOA 


4-17 


I INUUHU 




1 5KE11CA 

I ,Uf\L_ 1 1 Un 


4-17 


1 NlfiflinA 




1 5KE11CA 


4-17 


1N6041 




1 SKF120A 

i ■Ur\i_ i cun 


4-17 


1NJfin41 A 

I INUUH 1 r\ 




1 "5KE12CA 

I ,Jl\L 1 L-\Jr% 


4-17 


1 N6042 




1 'iKFIICA 


4-17 


1 MRD49A 




1 SKFnCA 


4-17 


1 NRO-dl 
1 INDU*tO 




1 SKF1^P,A 

1 .Of\L 1 vjvn 


4-17 


1N6043A 




1.5KE15CA 


4-17 


1N6044 




1.5KE16CA 


4-17 


1 MRD44A 




l .Of\r_ i DLin 


4-17 


1 INJDUHD 




1 .ur\C 1 OUn 


4-17 


1 Mfin^^A 

1 INlOU*fOM 




1 .D r\C 1 Own 


4-17 


1 Mfin4fi 






4-17 


1 Mfifl4RA 
1 INiOUtDn 






4-17 


1 N6047 




1 5KFP9CA 


4-17 


1 Nfifl47A 




1 SKF22CA 


4-17 






1 SKF24CA 


4-17 


1N6048A 




1.5KE24CA 


4-17 


1N6049 




1.5KE27CA 


4-17 


1 NB049A 




1 SKF27CA 


4-17 


1 Mfinsn 




1 SKFinHA 


4-17 


1 MRH^nA 
I PNiDUOUn 




1 RKFinPA 


4-17 


1 1 NUU J 1 




1 SKFIIPA 


4-17 


1 1 NUU J 1 r\ 




1 ^KFIIPA 


4-17 


1 NfiDS? 




1 SKF^fiCA 
i .jr\cjuun 


4-17 


1 NRDRPA 

1 1 nuu ocn 




1 ^KFIRCIA 


4-17 


1 1NUU Jo 






4-17 


1N6053A 




1.5KE39CA 


4-17 


1N6054 




1.5KE43CA 


4-17 


1N6054A 




1.5KE43CA 


4-17 


1N6055 




1.5KE47CA 


4-17 


1N6055A 




1.5KE47CA 


4-17 


1N6056 




1.5KE51CA 


4-17 


1N6056A 




1.5KE51CA 


4-17 


1N6057 




1.5KE56CA 


4-17 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-41 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6057A 




1.5KE56CA 


4-17 


1N6058 




1.5KE62CA 


4-17 


1N6058A 




1.5KE62CA 


4-17 


1 N6Q59 




1.5KE68CA 


4-17 


1N6059A 




1.5KE68CA 


4-17 


1N6060 




1.5KE75CA 


4-17 


1N6060A 




1.5KE75CA 


4-17 


1N6061 




1.5KE82CA 


4-17 


1N6061A 




1.5KE82CA 


4-17 


1N6062 




1.5KE91CA 


4-17 


1N6062A 




1.5KE91CA 


4-17 


1N6063 




1.5KE100CA 


4-17 


1N6063A 




1.5KE100CA 


4-17 


1 NR0fi4 




1 5KE110CA 


4-17 


1N6064A 




1.5KE110CA 


4-17 


1N6065 




1.5KE120CA 


4-17 


1N6065A 




1.5KE120CA 


4-17 


1N6066 




1.5KE130CA 


4-17 


1N6066A 




1.5KE130CA 


4-17 


1N6067 




1.5KE150CA 


4-17 


1N6067A 




1.5KE150CA 


4-17 


1N6068 




1.5KE170CA 


4-17 


1N6068A 




1.5KE170CA 


4-17 


1N6Q69 




1 5KE180CA 


4-17 


1N6069A 




1.5KE180CA 


4-17 


1N6070 




1.5KE200CA 


4-17 


1N6070A 




1.5KE200CA 


4-17 


1N6071 




1.5KE200CA 


4-17 


1N6071A 




1.5KE200CA 


4-17 


1N6072 




1.5KE220CA 


4-17 


1N6072A 




1.5KE220CA 


4-17 


1N6082 




MZ5521B 


6-18 


1N6083 




MZ5522B 


6-18 


1N6084 






6-18 


1N6085 




MZ5524B 


6-18 


1N6086 




MZ5525B 


6-18 


1N6087 




MZ5526B 


6-18 


1N6088 




MZ5527B 


6-18 


1N6089 




MZ5528B 


6-18 


1N6090 




MZ5529B 


6-18 


1N6091 




MZ5530B 


6-18 


1N6102A 




SA6.0CA 


4-3 


1N6103A 




SA6.5CA 


4-3 


I lio \ Utn 




On/,Uvn 




1N6105A 




SA7.5CA 


4-3 


1N6106A 




SA8.5CA 


4-3 


1N6107A 




SA9.0CA 


4-3 


1N6108A 




SA10CA 


4-3 


1N6109A 




SA11CA 


4-3 


1N6110A 




SA12CA 


4-3 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6111A 




SA13CA 


4-3 


1N6112A 




SA15CA 


4-3 


1N6113A 




SA17CA 


4-3 


1N6114A 




SA18CA 


4-3 


1N6115A 




SA20CA 


4-3 


1N6116A 




SA22CA 


4-3 


1N6117A 




SA24CA 


4-3 


1N6118A 




SA28CA 


4-3 


1N6119A 




SA30CA 


4-3 


1N6120A 




SA33CA 


4-3 


1N6121A 




SA36CA 


4-3 


1N6122A 




SA40CA 


4-3 


1N6123A 




SA43CA 


4-3 


1N6124A 




SA48CA 


4-3 


1N6126A 




SA51CA 


4-3 


1N6126A 




SA58CA 


4-3 


1N6127A 




SA64CA 


4-3 


1N6128A 




SA70CA 


4-3 


1N6129A 




SA75CA 


4-3 


1N6130A 




SA85CA 


4-3 


1N6131A 




SA90CA 


4-3 


1N6132A 




SA100CA 


4-3 


1N6133A 




SA110CA 


4-3 


1N6134A 




SA120CA 


4-3 


1N6135A 




SA130CA 


4-3 


1N6136A 




SA150CA 


4-3 


1N6137A 




SA170CA 


4-3 


1N6138A 




1.5KE6.8CA 


4-17 


1N6139A 




1.5KE7.5CA 


4-17 


1N6140A 




1.5KE8.2CA 


4-17 


1N6141A 




1.5KE9.1CA 


4-17 


1N6142A 




1.5KE10CA 


4-17 


1N6143A 




1.5KE11CA 


4-17 


1N6144A 




1.5KE12CA 


4-17 


1N6145A 




1.5KE13CA 


4-17 


1N6146A 




1.5KE15CA 


4-17 


1N6147A 




1.5KE16CA 


4-17 


1N6148A 




1.5KE18CA 


4-17 


1N6149A 




1.5KE20CA 


4-17 


1N6150A 




1.5KE22CA 


4-17 


1N6151A 




1.5KE24CA 


4-17 


1N6152A 




1.5KE27CA 


4-17 


1N6153A 




1.5KE30CA 


4-17 


1N6154A 




1.5KE33CA 


4-17 


1N6155A 




1.5KE36CA 


4-17 


1N6156A 




1.5KE39CA 


4-17 


1N6157A 




1.5KE43CA 


4-17 


1N6158A 




1.5KE47CA 


4-17 


1N6159A 




1.5KE51CA 


4-17 


1N6160A 




1.5KE56CA 


4-17 



Cross Reference and Index 
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Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6161A 




1.5KE62CA 


4-17 


1N6162A 




1.5KE68CA 


4-17 


1N6163A 




1.5KE75CA 


4-17 


1N6164A 




1.5KE82CA 


4-17 


1N6165A 




1.5KE91CA 


4-17 


1N6166A 




1.5KE100CA 


4-17 


1N6167A 




1.5KE110CA 


4-17 


1N6168A 




1.5KE120CA 


4-17 


1N6169A 




1.5KE130CA 


4-17 


1N6170A 




1.5KE150CA 


4-17 


1N6171A 




1.5KE160CA 


4-17 


1N6172A 




1.5KE180CA 


4-17 


1N6173A 




1 .5KE200CA 


4-17 


1N6267 


1N6267A 




4-17 


1N6267A 


1N6267A 




4-17 


1N6268 


1N6268A 




4-17 


1N6268A 


1N6268A 




4-17 


1N6269 


1N6269A 




4-17 


1N6269A 


1N6269A 




4-17 


1N6270 


1N6270A 




4-17 


1N6270A 


1N6270A 




4-17 


1N6271 


1N6271A 




4-17 


1N6271A 


1N6271A 




4-17 


1N6272 


1N6272A 




4-17 


1N6272A 


1N6272A 




4-17 


1N6273 


1N6273A 




4-17 


1N6273A 


1N6273A 




4-17 


1N6274 


1N6274A 




4-17 


1N6274A 


1N6274A 




4-17 


1N6275 


1N6275A 




4-17 


1N6275A 


1N6275A 




4-17 


1N6276 


1N6276A 




4-17 


1N6276A 


1 N6276A 




4-17 


1N6277 


1N6277A 




4-17 


1N6277A 


1N6277A 




4-17 


1N6278 


1N6278A 




4-17 


1N6278A 


1N6278A 




4-17 


1N6279 


1N6279A 




4-17 


1N6279A 


1N6279A 




4-17 


1N6280 


1N6280A 




4-17 


1N6280A 


1N6280A 




4-17 


1N6281 


1N6281A 




4-17 




1 WR0R1 A 




4.17 


1N6282 


1N6282A 




4-17 


1N6282A 


1N6282A 




4-17 


1N6283 


1N6283A 




4-17 


1N6283A 


1N6283A 




4-17 


1N6284 


1N6284A 




4-17 


1N6284A 


1N6284A 




4-17 


1N6285 


1N6285A 




4-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6285A 


1N6285A 




4-17 


1N6286 


1N6286A 




4-17 


1N6286A 


1N6286A 




4-17 


1N6287 


1N6287A 




4-17 


1N6287A 


1N6287A 




4-17 


1N6288 


1N6288A 




4-17 


1N6288A 


1N6288A 




4-17 


1N6289 


1N6289A 




4-17 


1N6289A 


1 N6289A 




4-17 


1N6290 


1N6290A 




4-17 


1N6290A 


1N6290A 




4-17 


1N6291 


1N6291A 




4-17 


1N6291A 


1N6291A 




4-17 


1N6292 


1N6292A 




4-17 


1N6292A 


1N6292A 




4-17 


1N6293 


1N6293A 




4-17 


1N6293A 


1N6293A 




4-17 


1N6294 


1N6294A 




4-17 


1N6294A 


1N6294A 




4-17 


1N6295 


1N6295A 




4-17 


1N6295A 


1N6295A 




4-17 


1N6296 


1N6296A 




4-'. ,' 


1N6296A 


1N6296A 




4-17 


1N6297 


1N6297A 




4-17 


1N6297A 


1N6297A 




4-17 


1N6298 


1N6298A 




4-17 


1N6298A 


1N6298A 




4-17 


1N6299 


1N6299A 




4-17 


1N6299A 


1N6299A 




4-17 


1N6300 


1N6300A 




4-17 


1N6300A 


1N6300A 




4-17 


1N6301 


1N6301A 




4-17 


1N6301A 


1N6301A 




4-17 


1N6302 


1N6302A 




4-17 


1N6302A 


1N6302A 




4-17 


1N6303 


1N6303A 




4-17 


1N6303A 


1N6303A 




4-17 


1N6356 




1N6373 


4-19 


1N6357 




1N6374 


4-19 


1N6358 




1N6375 


4-19 


1N6359 




1N6376 


4-19 


1N6360 




1N6377 


4-19 


1 N6361 




1 INDO ( 


4-19 


1N6362 




1N6379 


4-19 


1N6363 




1N6380 


4-19 


1N6364 




1N6381 


4-19 


1N6365 




1N6382 


4-19 


1N6366 




1N6383 


4-19 


1N6367 




1N6384 


4-19 


1N6368 




1N6385 


4-19 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-43 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6369 




1N6386 


4-19 


1N6370 




1N6387 


4-19 


1N6371 




1N6388 


4-19 


1N6372 




1N6389 


4-19 


1N6373 


1N6373 




4-19 


1N6374 


1N6374 




4-19 


1N6375 


1N6375 




4-19 


1N6376 


1N6376 




4-19 


1N6377 


1N6377 




4-19 


1N6378 


1N6378 




4-19 


1N6379 


1N6379 




4-19 


1N6380 


1N6380 




4-19 


1N6381 


1N6381 




4-19 


1N6382 


1N6382 




4-19 


1N6383 


1N6383 




4-19 


1N6384 


1N6384 




4-19 


1N6385 


1N6385 




4-19 


1N6386 


1N6386 




4-19 


1N6387 


1N6387 




4-19 


1N6388 


1N6388 




4-19 


1N6389 


1N6389 




4-19 


1N6402 




P6KE6.8A 


4-7 


1N6402A 




P6KE6.8A 


4-7 


1N6403 




P6KE7.5A 


4-7 


1N6403A 




P6KE7.5A 


4-7 


1N6404 




P6KE7.5A 


4-7 


1N6404A 




P6KE7.5A 


4-7 


1N6405 




P6KE8.2A 


4-7 


1N6405A 




P6KE8.2A 


4-7 


1N6406 




P6KE9.1A 


4-7 


1N6406A 




P6KE9.1A 


4-7 


1N6407 




P6KE10A 


4-7 


1N6407A 




P6KE10A 


4-7 


1N6408 




P6KE10A 


4-7 


1N6408A 




P6KE10A 


4-7 


1N6409 




P6KE11A 


4-7 


1N6409A 




P6KE11A 


4-7 


1N6410 




P6KE12A 


4-7 


1N6410A 




P6KE12A 


4-7 


1N6411 




P6KE13A 


4-7 


1N6411A 




P6KE13A 


4-7 


1N6412 




P6KE15A 


4-7 


1N6412A 




P6KE15A 


4-7 


1N6413 




P6KE15A 


4-7 


1N6413A 




P6KE15A 


4-7 


1N6414 




P6KE18A 


4-7 


1N6414A 




P6KE18A 


4-7 


1N6415 




P6KE18A 


4-7 


1N6415A 




P6KE18A 


4-7 


1N6416 




P6KE20A 


4-7 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6416A 




P6KE20A 


4-7 


1N6417 




P6KE20A 


4-7 


1N6417A 




P6KE20A 


4-7 


1N6418 




nst/rnn a 

P6KE22A 


4-7 


1N6418A 




P6KE22A 


4-7 


1N6419 




P6KE24A 


4-7 


1N6419A 




P6KE24A 


4-7 


1N6420 




P6KE27A 


4-7 


1N6420A 




P6KE27A 


4-7 


1N6421 




P6KE30A 


4-7 


1N6421A 




P6KE30A 


4-7 


1N6422 




P6KE33A 


4-7 


1N6422A 




P6KE33A 


4-7 


1N6423 




P6KE33A 


4-7 


1N6423A 




P6KE33A 


4-7 


1N6424 




P6KE36A 


4-7 


1N6424A 




P6KE36A 


4-7 


1N6425 




P6KE39A 


4-7 


1N6425A 




P6KE39A 


4-7 


1N6426 




P6KE43A 


4-7 


1N6426A 




P6KE43A 


4-7 


1N6427 




P6KE47A 


4-7 


1N6427A 




P6KE47A 


4-7 


1N6428 




P6KE51A 


4-7 


1N6428A 




P6KE51A 


4-7 


1N6429 




P6KE56A 


4-7 


1N6429A 




P6KE56A 


4-7 


1N6430 




P6KE56A 


4-7 


1N6430A 




P6KE56A 


4-7 


1N6431 




P6KE62A 


4-7 


1N6431A 




P6KE62A 


4-7 


1N6432 




P6KE68A 


4-7 


1N6432A 




P6KE68A 


4-7 


1N6433 




P6KE68A 


4-7 


1N6433A 




P6KE68A 


4-7 


1N6434 




P6KE75A 


4-7 


1N6434A 




P6KE75A 


4-7 


1N6435 




P6KE75A 


4-7 


1N6435A 




P6KE75A 


4-7 


1N6436 




P6KE82A 


4-7 


1N6436A 




P6KE82A 


4-7 


1N6437 




P6KE91A 


4-7 


1N6437A 




P6KE91A 


4-7 


1N6438 




P6KE91A 


4-7 


1N6438A 




P6KE91A 


4-7 


1N6439 




P6KE100A 


4-7 


1N6439A 




P6KE100A 


4-7 


1N6440 




P6KE110A 


4-7 


1N6440A 




P6KE110A 


4-7 


1N6441 




P6KE120A 


4-7 



Cross Reference and Index 
2-44 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N6441A 




P6KE120A 


4-7 


1N6442 




P6KE130A 


4-7 


1N6442A 




P6KE130A 


4-7 


1N6443 




P6KE150A 


4-7 


1N6443A 




r,Ai/r a rA a 

P6KE150A 


4-7 


1N6444 




P6KE160A 


4-7 


1N6444A 




P6KE160A 


4-7 


1N6445 




P6KE180A 


4-7 


1N6445A 




P6KE180A 


4-7 


1N6446 




P6KE200A 


4-7 


1N6446A 




P6KE200A 


4-7 


1N6447 




P6KE200A 


4-7 


1N6447A 




P6KE200A 


4-7 


1N6448 




1.5KE220A 


4-17 


1 N6448A 




1.5KE220A 


4-17 


1N6449 




1 .5KE250A 


4-17 


1N6449A 




1.5KE250A 


4-17 


1N6450 




1 .5KE250A 


4-17 


1N6450A 




1 .5KE250A 


4-17 


1N6461 




SA5.0A 


4-3 


1N6462 




SA6.0A 


4-3 


1N6463 




SA12A 


4-3 


1N6464 




SA15A 


4-3 


1N6465 




SA24A 


4-3 


1N6466 




SA30A 


4-3 


1N6467 




SA40A 


4-3 


1N6468 




SA51A 


4-3 


1N6469 




1N6373 


4-19 


1N6470 




1N6268A 


4-17 


1N6471 




1N6384 


4-19 


1N6472 




1N6385 


4-19 


1N6473 




1 N6282A 


4-17 


1N6474 




1N6284A 


4-17 


1N6475 




1N6287A 


4-17 


1N6476 




1N6290A 


4-17 


1N664 




1 N5237B 


6-11 


1N665 




1 N5242B 


6-11 


1N666 




1 N5245B 


6-11 


1N667 




1N5248B 


6-11 


1N668 




1N5251B 


6-11 


1N669 




1N5254B 


6-11 


1N670 




1 N5266B 


6-12 


1N671 




1N5271B 


6-12 


1N672 




1N5276B 


6-12 


1N674 




1N5230B 


6-11 


1N675 




1N5234B 


6-11 


1N702 




1N5986B 


6-13 


1N702A 




1N5986D 


6-13 


1N703 




1N5989B 


6-13 


1N703A 




1N5989C 


6-13 



CF = consult factory representative 



Industry 

Part 
Number 


Motorola 
Direct 
Rapl-scamont 


Motorola 
Similar 
Roplacomant 


Pago 
Number 


1N704 




1 Mcnnno 


e_-t o 
0-1 o 


1N704A 




4 k ic fmnn 
1N5990D 




1IM705 




1N5992B 


6-13 


1N705A 




1N5992D 


6-13 


1N706 




1 N5994B 


6-13 


1N706A 




1N5994D 


6-13 


1N707 




•i kicrmeD 


6-13 


1N707A 




1N5990U 


C 1 Q 


1N708A 




1N5232B 


0-11 


1N709A 




1 N5234B 


b-n 


1N710A 




1N5235B 


6-11 


1N711A 




1 N5236B 




1N712A 




1N5237B 


6-11 


1N713A 




1N5239B 


6-11 


4 AIT4 4 A 

1N714A 




l N&24UB 


C 44 


4 11*74 E A 

1N715A 




1 kid A 1 D 

1N5241B 


C 4 4 

6-11 


1 km c a 

1N716A 






ft 44 

D-n 


4AI74 7A 

1N717A 




1N5243B 


A 44 


4 AIT-) OA 

1N71BA 




i kicn -4 CD 
1 N024bB 


C 44 

0-11 


1N719A 




* 1,117 ft ien 

1N5246B 


6-11 


1N720A 




1 N5248B 


6-11 


1N721A 




1N5250B 


6-11 


1N722A 




1N5251B 


6-11 


1N723A 




1N5252B 


6-11 


1 N724A 




* k irnc in 

1 N5254B 


6-11 


1 N725A 




4 iirnrffn 

1 N5256B 


6-11 


1N726A 




1 N5257B 


6-11 


1N727A 




< ME1CQD 

1 N5258B 


6-11 


1N728A 




1 kicicno 

1 N&259B 


6-11 


1 N729A 




4t MEOCftD 

1 N526-JB 


6-11 


1 N730A 




IN Void 


6-11 


4 AIT'S 4 A 




INVOtiD 


tt 44 

o-n 


1N732A 




1N5263B 


6-11 


1N733A 




1N5265B 


6-11 


1 N734A 




1 N5266B 


6-12 


1 N736A 




1N5267B 


6-12 


1 N736A 




1N5268B 


6-12 


1N737A 




1 N5270B 


6-12 


1 N738A 




1N5271B 


6-12 


1N739A 




1 N5272B 


6-12 


1N740A 




1N5273B 


6-12 


1N741A 




1N5274B 


6-12 


1N742A 




1N5276B 


6-12 


1N743A 




1N5277B 


6-12 


1N744A 




1N5279B 


6-12 


1N745A 




1N5281B 


6-12 


1N746 


1N746A 




6-8 


1N746A 


1N746A 




6-8 


1N746C 


1N746C 




6-8 


1N746D 


1IM746D 




6-8 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-45 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Mumper 


IN/4/ 








1N/4/A 






0-0 


1N747C 


1N747C 




S3 


1N747D 


1N747D 




6-8 


1 M7<4Q 

iN/4o 


1 M7/1Q A 
1 N/40A 




o-o 


IIN/40A 


1 N/40A 




0-0 


HN740U 


1 N/4oL< 




CO 

o-o 


IIN/40U 


•1 M7/fin 
1 N/40U 




0-0 


llN/4y 


1 N/4yA 




CO 

0-0 


1 M7/IQA 
llN/4yA 


1 M7/1QA 
1 IN/4yA 




CO 

0-0 


iiN/4yu 


1 N/4yi»< 




CO 

0-0 


iiN/4yu 


1 N/4yu 




o-o 


1N750 


1N750A 




6-8 


1N750A 


1N750A 




6-8 


IN /QUO 


1 M7GiV 
1 IN/OUO 




ft Q 

O-o 


1N/0UU 


1 M7cnn 

1 N/DUU 




CO 

0-0 


1 IN/01 


1 M7C1 A 
lN/OlA 




0-0 


1 M7K 1 A 

1 N/Ol A 


1 M7C 1 A 
IN/OlA 




C 
0-0 


1 M7E i r* 
1N/01O 


1 M7C 1 f* 

IN/OIL' 




ft 

o-o 


1 M7C1 H 

IN/ o i U 


1 M7C 1 n 

IN/01 U 




ft 

o-o 


iN/0*£ 


1N/0<:A 




o-o 


1N/D^A 


1 N752A 




6-8 


1N752C 


1N752C 




6-8 


1N752D 


1N752D 




6-8 


1 KI7C3 
lN/OO 


1 N753A 




6-8 


1 M7CO A 
iN/OOA 


1 N753A 




6-8 


1 IN 1 00 v 


1 M7CQP 
1 IN /DOL» 




O-o 


1N/00U 


1N/00U 




0-0 


llN/04 


1N/04A 




0-0 


1 KMC A A 
1N/04A 


t M7C/1 A 
1N/04A 




c 

o-o 


1 IN 1 0*+ v 


I IN/04O 




o-o 


I IN/0*tU 


I IN/04U 




C_Q 

o-o 


1N755 


1N755A 




6-8 


1N755A 


1N755A 




6-8 


1 IN / OOKj 






6-8 


1N/00U 


IN/OOU 




6-8 


IN/00 


1 M7CCA 
1 N/O0A 




6-8 


I IN / OOrt 


I IN/ 00 A 




6-8 


I IN/001^ 






6-8 


1 IN / ODU 


I IN/ OOU 




O-o 


iin/o/ 


1 KJ7R7A 
I IN/0/ A 




Ct 

o-o 


1 M757A 
1 1N/0/A 


1 M7K7A 
1 IN/0/A 




6-8 


1N757C 


1N757C 




6-8 


1N757D 


1N757D 




64 


1N758 


1N758A 




6-8 


1N758A 


1N758A 




6-8 


1 N758C 


1N758C 




6-8 


1N758D 


1N758D 




6^8 


1N759 


1N759A 




6-8 


1N759A 


1N759A 




6-8 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Mi imkar 


1 N75Qr 
I pl< 






6-8 








CO 
0"0 


1N761 




1N5231B 


6-11 


1N761A 




1N5231B 


6-11 


1 W7R9 




I INO^OOD 


R 11 
0- 1 1 


1 M7ft0 A 
lN/O^A 




1 iNOtOOO 


0-1 1 


IN/00 




1 INO/IODK 


0-11 


1 W7A3 A 
1 FN/OOn 




1 w w«n 


C_11 

0"! 1 






I INOfiOyD 


e_i 1 
O-l I 


I IN/Otn 




1 INOcOoD 


6-11 


1INJ/00 




1 INOUU 1 D 


O - 10 


1M7CCA 
I IN / OOn 




1 INOUU 1 □ 


o~ 1 


1N766 




1N6003B 


6-13 


1N766A 




1N6003B 


6-13 


I IN/0/ 




1 INOUUOD 


o-u 


1IN/0/A 




I INOUUOD 


0-10 


1 M7fiA 
llN/OO 




I IND/r4yD 


c 11 
D-l i 


llN/OOA 




1 INO*£4yO 


C_1 1 

0-11 


1 M7P.Q 




1 MfilVlQR 

iiNOuuyo 


O-lO 


1 M7AQA 
liN/oyA 




i Nouuyti 


o-i o 




1 MQ01 




o-c 


1 MQ0 1 A 


1 KIQ01 A 
1 vwid I A 




0~*£ 


1N823 


1N823 




8-2 


1N823A 


1N823A 




8-2 




IINO^O 







1 KIQOCA 


i MQOCA 
I !NO«;OA 




Q 

QTC. 


i M007 

\nodf 


llNOi:/ 






o-c 


I iNOt / A 


1 INOt / A 




Q_0 


1 MAOQ 
llNOtlJ 


lINOty 




ire 


1 INO^yA 


1 INO/ryA 






1 MQ£7 

I iNyo/ 


1 KtO.£7Q 
I Vit)DI D 




ft Q 

o-o 


1 MQ^7A 
I INyO/n 


i iNyo / d 




C_0 

o-o 


1N957B 


1N957B 




6-8 


1N967C 


1N957C 




6-8 


1 MQC7H 


UNyO/U 




6-8 


1 IN»00 


I INyOOD 




Ct 

0-0 


i iNyoort 


1 NyOOD 




0-0 


1 MQRfiQ 
I [NyOOD 


1 MQCQD 

l Nyoob 




6-8 


i iNyoou 


l iNyoou 




ct 
O-o 


i (Nyoou 


i iNyoou 




0-0 


1MQCQ 

i iNyoy 


i iNyoyo 




O-o 


1 KiQ^QA 

i iNyoyw 


l iNyoyo 




ft 

o-o 


1N959B 


1N959B 




6-8 


1N959C 


1N959C 




6-8 


1N969D 


1N9S9D 




6-8 


1N960 


1N960B 




6-8 


1N960A 


1N960B 




6-8 


1N960B 


1N960B 




6-8 


1N960C 


1N960C 




6-8 


1N960D 


1N960D 




6-8 



Cross Reference and Index 
2-46 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


similar 


Page 


Number 


Replacement 


Replacement 


Number 


1N961 


1NQ61R 




6-8 


1MQR1 A 
1 IN30 In 


1 1 D 




6-8 


1N961B 


1N961B 




6-8 


1N961C 


1N961C 




6-8 


I INSU I u 


1 WQR1 n 

1 IHSJU 1 u 




6-8 


1 N962 






6-8 


1 MQR9A 


1 MQR9R 




6-8 


1 MQR9R 


I \ WVc D 




6-8 


1 MQR9P 


1 MQR9C 

1 




6-8 




1 MQROn 

I IMS Oil U 




6-8 


1 MQR 1 } 


1 MQfilR 




6-8 


1 MQR^A 


i i\yooD 




6-8 


1N963B 


1N963B 




6-8 


1N963C 


1N963C 




6-8 


i iMyoou 


1 MQfi^n 
i i^yoou 








1 MQR4R 




0-0 




1 MQR4R 




o-o 


1 MQR4R 


1 MQfiAR 








1 MQfidP 




6-8 




1 MQRAn 

i iNyo*+u 




0^ 




1 MQfiRR 




0-0 


1 MQfiC A 


1 MGfi^R 




O^J 


1N965B 


1N965B 




6-8 


1N965C 


1N965C 




6-8 




] IMHO^U 




D~0 


1 MQfi.fi 

i Nyoo 


1 MQfi.fi R 
I INyoOD 




fi 

o-o 


1 MQfifiA 


1 MQfifiR 
I INyOOD 




CO 

0-0 


1 MQCCR 


1 MQfifiR 

I iNyooo 




0-0 


1 MQRRf 


1 MQRRf 1 




CO 

0-0 


1 MQfifin 
I INyoOU 


1 MQRRn 




CO 




1MQR7 


1 MQR7R 




CD 

o-o 




1 MQR7R 




CO 
D-0 


1N967B 


1N967B 




6-8 


1N967C 


1N967C 




6-8 


1 MQR7n 
i iNyo/ u 






CO 

o-o 


1MQRA 
i iNyoo 


1 MQRPR 




fi.fi 

o-o 


1 MQRftA 


1 MQfifiR 
I IMyOoD 




c_o 
o-o 


1 MQRP.R 


1 MQfiRR 




CO 

o-o 


i i^yooo 


1 MQfiflf 1 

i i^yoou 




CO 

o-o 


1 MQfifin 
i iMyoou 


1 MQRRn 

i iNyoou 




fi-fi 

o-o 


1MQRQ 


1 MQfiQR 




C 

o-o 


1 MQfiQA 


1 MQRQR 

i iNyoyD 




o-o 


1N969B 


1N969B 




6-8 


1N969C 


1N969C 




6-8 


1N969D 


1N969D 




6-8 


1N970 


1N970B 




6-8 


1N970A 


1N970B 




6-8 


1N970B 


1N970B 




6-8 


1N970C 


1N970C 




6-8 


1N970D 


1N970D 




6-8 



CF = consult factory representative 



Industry 


Motorola 


motorola 




Kan 


uireci 


(Similar 


_ 

r age 


NUmDer 


nepidcemcni 


Qanla^Amont 


Mi imhpr 


1N971 


1N971B 




6-8 


1N971A 


1N971B 




6-8 


1N971B 


1N971B 




6-8 


1N971C 


1N971C 




6-8 


1N971D 


1N971D 




6-8 


1N972 


1N972B 




6-8 


1N972A 


1N972B 




6-8 


1N972B 


1N972B 




6-8 


1 N972C 


1N972C 




6-8 


1N972D 


1N972D 




6-8 


1N973 


1 N973B 




6-8 


1 N973A 


1 N973B 




6-8 


1N973B 


1N973B 




6-8 


1N973C 


1N973C 




6-8 


1N973D 


1 N973D 




6-8 


1N974 


1 N974B 




6-8 


1 N974A 


1 N974B 




6-8 


1N974B 


1 N974B 




6-8 


1 N974C 


1N974C 




6-8 


1 N974D 


1 N974D 




6-8 


1N975 


1 N97SB 




6-8 


1 N975A 


1 N975B 




6-8 


1N975B 


1N975B 




6-8 


1N975C 


1N975C 




6-8 


1N975D 


1 N975D 




6-8 


1N976 


1 N976B 




6-8 


1 N97RA 


1 N976B 




6-8 


1 N976B 


1 N976B 




6-8 


1N976C 


1N976C 




6-8 


1 N976D 


1N976D 




6-8 


1N977 


1N977B 




6-8 


1N977A 


1N977B 




6-8 


1N977B 


1N977B 




6-8 


1N977C 


1N977C 




6-8 


1N977D 


1N977D 




6-8 


1N978 


1N978B 




6-8 


1 N978A 


1 N978B 




6-8 


1N978B 


1 N978B 




6-8 


1 N978C 


1 N978C 




6-8 


1N978D 


1 N9780 




6-8 


1N979 






6-8 


1 N97QA 


1 NQ7QR 

1 lie 1 ' 3U 




6-8 


1N979B 


1N979B 




6-8 


1N979C 


1N979C 




6-8 


1N979D 


1N979D 




6-8 


1N980 


1N980B 




6-8 


1N980A 


1N980B 




6-8 


1N980B 


1N980B 




6-8 


1N980C 


1N980C 




6-8 


1N980D 


1N980D 




6-8 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-47 



Part 


Direct 


Similar 


Page 


Number 


Renlacement 


Replacement 


Number 


1N981 


1N981B 




6-9 


1N981A 


1N981B 




6-9 


1N981B 


1N981B 




6-9 


1N981C 


1N981C 




6-9 


1N981D 


1N981D 




6-9 


1N982 


1N982B 




6-9 


1N982A 


1N982B 




6-9 


1N982B 


1N982B 




6-9 


1N982C 


1N982C 




6-9 


1N982D 


1 N982D 




6-9 


1N983 


1N983B 




6-9 


1N983A 


1N983B 




6-9 


1N983B 


1N983B 




6-9 


1N983C 


1N983C 




6-9 


1N983D 


1N983D 




6-9 


1N984 


1N984B 




6-9 


1N984A 


1N984B 




6-9 


1N984B 


1N984B 




6-9 


1N984C 


1N984C 




6-9 


1N984D 


1N984D 




6-9 


1N985 


1N985B 




6-9 


1N985A 


1N985B 




6-9 


1N985B 


1N985B 




6-9 


1N985C 


1N985C 




6-9 


1N985D 


1N985D 




6-9 


1N986 


1 N986B 




6-9 


1N986A 


1N986B 




6-9 


1N986B 


1N986B 




6-9 


1N986C 


1N986C 




6-9 


1N986D 


1N986D 




6-9 


1N987 


1N987B 




6-9 


1N987A 


1N987B 




6-9 


1N987B 


1N987B 




6-9 


1N987C 


1N987C 




6-9 


1N987D 


1N987D 




6-9 


1N988 


1N988B 




6-9 


1N988A 


1N988B 




6-9 


1N988B 


1N988B 




6-9 


1N988C 


1N988C 




6-9 


1N988D 


1 N988D 




6-9 


1N989 


1N989B 




6-9 


1N989A 


1N989B 




6-9 


1N989B 


1N989B 




6-9 


1N989C 


1N989C 




6-9 


1N989D 


1N989D 




6-9 


1N990 


1N990B 




6-9 


1 N990A 


1 N990B 




6-9 


1N990B 


1N990B 




6-9 


1N990C 


1N990C 




6-9 


1N990D 


1N990D 




6-9 



CF = consult factory representative 



part 


Direct 


similar 


page 


Number 


Replacement 


Replacement 


Number 


1N991 


1N991B 




6-9 


1N991A 


1N991B 




6-9 


1N991B 


1N991B 




6-9 


1N991C 


1N991C 




6-9 


1N991D 


1N991D 




6-9 


1N992 


1N992B 




6-9 


1N992A 


1N992B 




6-9 


1N992B 


1N992B 




6-9 


1N992C 


1N992C 




6-9 


1N992D 


1N992D 




6-9 


1SMB100AT3 


1SMB100AT3 




5-14 


1SMB10AT3 


1SMB10AT3 




5-14 


1SMB110AT3 


1SMB110AT3 




5-14 


1SMB11AT3 


1SMB11AT3 




5-14 


1SMB120AT3 


1SMB120AT3 




5-14 


1SMB12AT3 


1SMB12AT3 




5-14 


1SMB130AT3 


1SMB130AT3 




5-14 


1SMB13AT3 


1SMB13AT3 




5-14 


1SMB14AT3 


1SMB14AT3 




5-14 


1SMB150AT3 


1SMB150AT3 




5-14 


1SMB15AT3 


1SMB15AT3 




5-14 


1SMB160AT3 


1SMB160AT3 




5-14 


1SMB16AT3 


1SMB16AT3 




5-14 


1SMB170AT3 


1SMB170AT3 




5-14 


1SMB17AT3 


1SMB17AT3 




5-14 


1SMB18AT3 


1SMB18AT3 




5-14 


1 SMB20AT3 


1SMB20AT3 




5-14 


1 SMB22AT3 


1 SMB22AT3 




5-14 


1SMB24AT3 


1 SMB24AT3 




5-14 


1 SMB26AT3 


1 SMB26AT3 




5-14 


1 SMB28AT3 


1 SMB28AT3 




5-14 


1 SMB30AT3 


1 SMB30AT3 




5-14 


1 SMB33AT3 


1 SMB33AT3 




5-14 


1 SMB36AT3 


1 SMB36AT3 




5-14 


1SMB40AT3 


1 SMB40AT3 




5-14 


1SMB43AT3 


1SMB43AT3 




5-14 


1 SMB45AT3 


1SMB45AT3 




5-14 


1 SMB48AT3 


1 SMB48AT3 




5-14 


1SMB5.0AT3 


1SMB5.0AT3 




5-14 


1SMB51AT3 


1SMB51AT3 




5-14 


1SMB54AT3 


1SMB54AT3 




5-14 


1 SMB58AT3 


1 SMB58AT3 




5-14 


1SMB5913BT3 


1SMB5913BT3 




7-17 


1SMB5914BT3 


1SMB5914BT3 




7-17 


1SMB5915BT3 


1SMB6915BT3 




7-17 


1SMB5916BT3 


1SMB5916BT3 




7-17 


1SMB5917BT3 


1SMB5917BT3 




7-17 


1SMB5918BT3 


1SMB5918BT3 




7-17 


1SMB5919BT3 


1SMB5919BT3 




7-17 


1SMB5920BT3 


1SMB5920BT3 




7-17 



Cross Reference and Index 
2-48 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1SMB5921BT3 


1SMB5921BT3 




7-17 


1SMB5922BT3 


1SMB5922BT3 




7-17 


1SMB5923BT3 


1SMB5923BT3 




7-17 


1SMB5924BT3 


1 SMB5924BT3 




7-17 


1SMB5925BT3 


1SMB5925BT3 




7-17 


1SMB5926BT3 


1SMB5926BT3 




7-17 


1SMB5927BT3 


1SMB5927BT3 




7-17 


1SMB5928BT3 


1SMB5928BT3 




7-17 


1SMB5929BT3 


1SMB5929BT3 




7-18 


1SMB5930BT3 


1SMB5930BT3 




7-18 


1SMB5931BT3 


1SMB5931BT3 




7-18 


1SMB5932BT3 


1SMB5932BT3 




7-18 


1SMB5933BT3 


1SMB5933BT3 




7-18 


1SMB5934BT3 


1 SMB5934BT3 




7-18 


1SMB5935BT3 


1SMB5935BT3 




7-18 


1SMB5936BT3 


1SMB5936BT3 




7-18 


1SMB5937BT3 


1SMB5937BT3 




7-18 


1SMB5938BT3 


1SMB5938BT3 




7-18 


1SMB5939BT3 


1SMB5939BT3 




7-18 


1SMB5940BT3 


1SMB5940BT3 




7-18 


1SMB5941BT3 


1SMB5941BT3 




7-18 


1SMB5942BT3 


1SMB5942BT3 




7-18 


1SMB5943BT3 


1SMB5943BT3 




7-18 


1SMB5944BT3 


1SMB5944BT3 




7-18 


1SMB5945BT3 


1SMB5945BT3 




7-18 


1SMB5946BT3 


1SMB5946BT3 




7-18 


1SMB5947BT3 


1SMB5947BT3 




7-18 


1SMB5948BT3 


1SMB5948BT3 




7-18 


1SMB5949BT3 


1SMB5949BT3 




7-18 


1SMB5950BT3 


1SMB5950BT3 




7-18 


1SMB5951BT3 


1SMB5951BT3 




7-18 


1SMB5952BT3 


1SMB5952BT3 




7-18 


1SMB5953BT3 


1SMB5953BT3 




7-18 


1SMB5954BT3 


1SMB5954BT3 




7-18 


1SMB5955BT3 


1SMB5955BT3 




7-18 


1SMB5956BT3 


1SMB5956BT3 




7-18 


1SMB6.0AT3 


1SMB6.0AT3 




5-14 


1SMB6.5AT3 


1SMB6.5AT3 




5-14 


1SMB60AT3 


1 SMB60AT3 




5-14 


1SMB64AT3 


1 SMB64AT3 




5-14 


1SMB7.0AT3 


1SMB7.0AT3 




5-14 


1SMB7.5AT3 


1SMB7.5AT3 




5-14 


1 SMB70AT3 


1SMB70AT3 




5-14 


1 SMB75AT3 


1 SMB75AT3 




5-14 


1 SMB78AT3 


1SMB78AT3 




5-14 


1SMB8.0AT3 


1SMB8.0AT3 




5-14 


1SMB8.5AT3 


1SMB8.5AT3 




5-14 


1 SMB85AT3 


1 SMB85AT3 




5-14 


1SMB9.0AT3 


1SMB9.0AT3 




5-14 


1 SMB90AT3 


1 SMB90AT3 




5-14 



CF = consult factory representative 



Motorola TVS/Zener Device Data 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


1SMC10AT3 


1SMC10AT3 




5-22 


1SMC11AT3 


1SMC11AT3 




5-22 


1SMC12AT3 


1SMC12AT3 




5-22 


1SMC13AT3 


4 1 1^4 1 ATI 

1SMC13AT3 




5-22 


1SMC14AT3 


1SMC14AT3 




5-22 


1SMC15AT3 


1SMC15AT3 




5-22 


1SMC16AT3 


1SMC16AT3 




5-22 


1SMC17AT3 


1SMC17AT3 




5-22 


1SMC18AT3 


1SMC18AT3 




5-22 


1 SMC20AT3 


1 SMC20AT3 




5-22 


1SMC22AT3 


1SMC22AT3 




5-22 


1 SMC24AT3 


1 SMC24AT3 




5-22 


1SMC26AT3 


1 SMC26AT3 




5-22 


1 SMC28AT3 


1 SMG28AT3 




5-22 


1 SMC30AT3 


1 SMC30AT3 




5-22 


1SMC33AT3 


1SMC33AT3 




5-22 


1 SMC36AT3 


1SMC36AT3 




5-22 


1SMC40AT3 


1SMC40AT3 




5-22 


1SMC43AT3 


1SMC43AT3 




5-22 


1SMC45AT3 


1 SMC45AT3 




5-22 


1SMC48AT3 


1 SMC48AT3 




5-22 


1SMC5.0AT3 


1SMC5.0AT3 




5-22 


1SMC51AT3 


1SMC51AT3 




5-22 


1SMC54AT3 


1 SMC54AT3 




5-22 


1SMC58AT3 


1SMC58AT3 




5-22 


1SMC6.0AT3 


1SMC6.0AT3 




5-22 


1SMC6.5AT3 


1SMC6.5AT3 




5-22 


1SMC60AT3 


1SMC60AT3 




5-22 


1SMC64AT3 


1SMC64AT3 




5-22 


1SMC7.0AT3 


1SMC7.0AT3 




5-22 


1SMC7.5AT3 


1SMC7.5AT3 




5-22 


1SMC70AT3 


1SMC70AT3 




5-22 


1SMC75AT3 


1SMC75AT3 




5-22 


1SMC78AT3 


1 SMC78AT3 




5-22 


1SMC8.0AT3 


1SMC8.0AT3 




5-22 


1SMC8.5AT3 


1SMC8.5AT3 




5-22 


1SMC9.0AT3 


1SMC9.0AT3 




5-22 


3EZ100D5 


3EZ100D5 




6-33 


3EZ10D5 


3EZ10D5 




6-33 


3EZ110D5 


3EZ110D5 




6-33 


3EZ11D5 


3EZ11D5 




6-33 


3EZ120D5 


3EZ120D5 




6-33 


3EZ12D5 


3EZ12D5 




6-33 


3EZ130D5 


3EZ130D5 




6-33 


3EZ13D5 


3EZ13D5 




6-33 


3EZ140D5 


3EZ140D5 




6-33 


3EZ14D5 


3EZ14D6 




6-33 


3EZ150D5 


3EZ150D5 




6-33 


3EZ15D5 


3EZ15D5 




6-33 


3EZ160D5 


3EZ160D5 




6-33 











Cross Reference and Index 
2-i9 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Moioroia 




Part 


Direct 


Clmllar 

oirnnar 


Pane 


Number 


nepiacernern 


Danla/iamant 

ncpiaccmcni 


Ni imh^r 


3F716DS 


3EZ16D5 




6-33 


3EZ170D5 


3EZ170D5 




6-33 


3EZ17D5 


3EZ17D5 




6-33 


3EZ180D5 


3EZ180D5 




6-33 


3EZ18D5 


3EZ18D5 

wll p uuj 




6-33 




3EZ190D5 




6-33 


3EZ19D5 

ULL 1 Cuu 


3EZ19D5 




6-33 


3EZ200D5 


3EZ200D5 




6-33 




3EZ20D5 




6-33 


3EZ220D5 

wLLLLUUW 


3EZ220D5 

WLLLtWuW 




6-33 


3EZ22D5 


3EZ22D5 




6-33 




3EZ240D5 




6-33 


3EZ24D5 


3EZ24D5 




6-33 


3EZ270D5 


3EZ270D5 




6-33 


^F797nfi 


7F797ns 

LLC / UU 




6-33 


OlllOUj 


TF7C>finfi 




6-33 


^F7^ QnS 


^F7? Qns 




6-33 




iF73nnn t i 




6-33 


iF7^nns 


3F7inn i i 




6-33 


OLLO'-'UUJ 


3F7^3nn c i 

OCl-JJUUJ 




6-33 


^F7^n c i 

OClOjUJ 


3F7T3nfi 




6-33 


JLLW'.'i '1 .V J 


3F7^finn c ; 

wLLwUUUJ 




6-33 


3EZ36D5 


3EZ36D5 




6-33 


3EZ39D5 


3EZ39D5 




6-33 


1F74 ^ns 


1F7d ^ns 




6-33 


"3F74 7ns 






6-33 


^F74finns 






6-33 


^F743ns 






6-33 


3F7A7nS 


3F747n c ; 




6-33 


3F75 ms 


3F7S ms 

OLLJ. 1 L/U 




6-33 


3F7S fins 


3F7S fins 




6-33 


WLLw I 1— 'U 


3EZS1D5 

wLLw 1 L*ZO 




6-33 


3EZ56D5 


3EZ56D5 




6-33 


3EZ6.2D5 


3EZ6.2D5 




6-33 


3F7B RD 1 ; 


3F7fi fins 




6-33 


^F7fi?ns 


3F7fi?ns 




6-33 


^F7Rfln c ; 

OLLUOUiJ 


3F7fifins 




6-33 


^F77 sns 


3F77 sns 




R-^3 


3F77sns 

JLLI juj 


3F77finS 




6-33 


3F7R 


3F7P ?ns 

wllw.cUw 




6-33 


3F7R?nS 

vLLULL/J 


3F7fiPnS 




6-33 


TF7Q 1 ns 


QP7Q 1 ns 




u-oo 




obZ91Uo 




6-33 


BZV55C10 




MMSZ10T1 


7-14 


BZV55C11 




MMSZ11T1 


7-14 


BZV55C12 




MMSZ12T1 


7-14 


BZV55C13 




MMSZ13T1 


7-14 


BZV55C15 




MMSZ15T1 


7-14 


BZV55C16 




MMSZ16T1 


7-14 


BZV55C18 




MMSZ18T1 


7-14 











CF = consult factory representative 

Cross Reference and Index 
2-50 



NIUU5LI y 


Mntnrnla 


Motnrrtlfi 




Part 


D i rect 


Similar 

Wll II ( Id 1 


Page 






Rpnlarpmpnt 

ncutavvi iivi it 


Number 


BZV55C20 




MMSZ20T1 


7-14 


BZV55C22 




MMSZ22T1 


7-14 


BZV55C24 




MMSZ24T1 


7-14 


BZV55C27 




MMSZ27T1 


7-14 


BZV55C2V4 




MMSZ2V4T1 


7-14 


BZV55C2V7 




MMSZ2V7T1 


7-14 


BZV55C30 




MMSZ30T1 


7-14 


BZV55C33 




MMSZ33T1 


7-14 


BZV55C36 




MMSZ36T1 


7-14 


BZV55C39 




MMSZ39T1 


7-14 


BZV65C3V0 




MMSZ3V0T1 


7-14 


BZV55C3V3 




MMSZ3V3T1 


7-14 


BZV55C3V6 




MMSZ3V6T1 


7-14 


BZV56C3V9 




MMSZ3V9T1 


7-14 


BZV55C43 




MMSZ43T1 


7-14 


BZV55C47 




MMSZ47T1 


7-14 


BZV55C4V3 




MMSZ4V3T1 


7-14 


BZV65C4V7 




MMSZ4V7T1 


7-14 


BZV55C61 




MMSZ51T1 


7-14 


BZV55C66 




MMSZ56T1 


7-14 


BZV55C5V1 




MMSZ5V1T1 


7-14 


BZV65C6V6 




MMSZ5V6T1 


7-14 


BZV55C6V2 




MMSZ6V2T1 


7-14 


BZV55C6V8 




MMSZ6V8T1 


7-14 


BZV55C7V5 




MMSZ7V5T1 


7-14 


BZV55C8V2 




MMSZ8V2T1 


7-14 


BZV65C9V1 




MMSZ9V1T1 


7-14 


BZW04-10 




SA10A 


4-3 


BZW04-102 




SA100A 


4-3 


BZW04-102B 




SA100CA 


4-3 


BZW04-10B 




SA10CA 


4-3 


BZW04-11 




SA11A 


4-3 


BZW04-111 




SA110A 


4-3 


BZW04-111B 




SA110CA 


4-3 


BZW04-11B 




SA11CA 


4-3 


BZW04-128 




SA130A 


4-3 


BZW04-128B 




SA130CA 


4-3 


BZW04-13 




SA13A 


4-3 


BZW04-136 




SA160A 


4-3 


BZW04-136B 




SA150CA 


4-3 


BZW04-13B 




SA13CA 


4-3 


BZW04-14 




SA14A 


4-3 


BZW04-145 




^airoa 


4-3 


BZW04-145B 




SA150CA 


4-3 


BZW04-14B 




SA14CA 


4-3 


BZW04-15 




SA16A 


4-3 


BZW04-154 




SA160A 


4-3 


BZW04-154B 




SA160CA 


4-3 


BZW04-15B 




SA16CA 


4-3 


BZW04-17 




SA17A 


4-3 













Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


BZW04-171 




SA170A 


4-3 


BZW04-171B 




SA170CA 


4-3 


BZW04-17B 




SA17CA 


4-3 


BZWQ4-19 




SA20 


4-3 


BZW04-19B 




SA20 


4-3 


BZW04-20 




SA22A 


4-3 


BZW04-20B 




SA22CA 


4-3 


BZW04-23 




SA24A 


4-3 


BZW04-23B 




SA24CA 


4-3 


BZW04-26 




SA26A 


4-3 


BZW04-26B 




SA26CA 


4-3 


BZW04-28 




SA28A 


4-3 


BZW04-26B 




SA28CA 


4-3 


DZ.VVU't-o I 




QA^A 


AO 


BZW04-31B 




SA33CA 


4-3 


BZW04-33 




SA33A 


4-3 


BZW04-33B 




SA33CA 


4-3 


BZW04-37 




SA40A 


4-3 


BZW04-37B 




SA40CA 


4-3 


BZW04-40 




SA40A 


4-3 


BZW04-40B 




SA40CA 


4-3 


BZW04-44 




SA45A 


4-3 


BZW04-44B 




SA45CA 


4-3 








A Q 


BZW04-48B 




SA48CA 


4-3 


BZW04-53 




SA54A 


4-3 


BZW04-53B 




SA54CA 


4-3 


BZW04-58 




SA58A 


4-3 


BZW04-58B 




SA58CA 


4-3 


BZW04-5V8 




SA6.0A 


4-3 


BZW04-5V8B 




SA6.0CA 


4-3 


BZW04-64 




SA64A 


4-3 


BZW04-64B 




SA64CA 


4-3 


D£.VVU-f-o v*+ 






4-0 


BZW04-6V4B 




SA6.5CA 


4-3 


BZW04-70 




SA70A 


4-3 


BZW04-70B 




SA70CA 


4-3 


BZW04-78 




SA78A 


4-3 


BZW04-78B 




SA78CA 


4-3 


BZW04-7V0 




SA7.0A 


4-3 


BZW04-7V0B 




SA7.0CA 


4-3 


BZW04-7V8 




SA8.0A 


4-3 


BZW04-7V8B 




SA8.0CA 


4-3 






onojn 




BZW04-85B 




SA85CA 


4-3 


BZW04-8V5 




SA8.5A 


4-3 


BZW04-8V5B 




SA8.5CA 


4-3 


BZW04-94 




SA100A 


4-3 


BZW04-94B 




SA100CA 


4-3 


BZW04-9V4 




SA10A 


4-3 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


BZW04-9V4B 




SA10CA 


4-3 


BZW04P10 




SA10A 


4-3 


BZW04P102 




SA100A 


4-3 


BZW04P102B 




SA100CA 


4-3 


BZW04P10B 




SA10CA 


4-3 


BZW04P11 




SA11A 


4-3 


BZW04P111 




SA110A 


4-3 


BZW04P111B 




SA110CA 


4-3 


BZW04P11B 




SA11CA 


4-3 


BZW04P128 




SA130A 


4-3 


BZW04P128B 




SA130CA 


4-3 


BZW04P13 




SA13A 


4-3 


BZW04P136 




SA150A 


4-3 


BZW04P136B 




SA150CA 


4-3 


BZW04P13B 




SA13CA 


4-3 


BZW04P14 




SA14A 


4-3 


BZW04P145 




SA150A 


4-3 


BZW04P145B 




SA150CA 


4-3 


BZW04P14B 




SA14CA 


4-3 


BZW04P15 




SA16A 


4-3 


BZW04P154 




SA160A 


4-3 


BZW04P154B 




SA160CA 


4-3 


BZW04P15B 




SA16CA 


4-3 


BZW04P17 




SA17A 


4-3 


BZW04P171 




SA170A 


4-3 


BZW04P171B 




SA170CA 


4-3 


BZW04P17B 




SA17CA 


4-3 


BZW04P19 




SA20A 


4-3 


BZW04P19B 




SA20CA 


4-3 


BZW04P20 




SA22A 


4-3 


BZW04P20B 




SA22CA 


4-3 


BZW04P23 




SA24A 


4-3 


BZW04P23B 




SA24CA 


4-3 


BZW04P26 




SA26A 


4-3 


BZW04P26B 




SA26CA 


4-3 


BZW04P28 




SA28A 


4-3 


BZW04P28B 




SA28CA 


4-3 


BZW04P31 




SA33A 


4-3 


BZW04P31B 




SA33CA 


4-3 


BZW04P33 




SA33A 


4-3 


BZW04P33B 




SA33CA 


4-3 


BZW04P37 




SA40A 


4-3 


BZW04P37B 




SA40CA 


4-3 


BZW04P40 




SA40A 


4-3 


BZW04P40B 




SA40CA 


4-3 


BZW04P44 




SA45A 


4-3 


BZW04P44B 




SA45CA 


4-3 


BZW04P48 




SA48A 


4-3 


BZW04P48B 




SA48CA 


4-3 


BZW04P53 




SA54A 


4-3 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-51 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


BZW04P53B 




SA54CA 


4-3 


BZW04P58 




SA58A 


4-3 


BZW04P58B 




SA58CA 


4-3 


R7Wn4PWfl 




^Afi DA 


4-3 


BZW04P5V8B 




SA6.0CA 


4-3 


BZW04P64 




SA64A 


4-3 


BZW04P64B 




SA64CA 


4-3 


BZW04P6V4 




SA6.5A 


4-3 


BZW04P6V4B 




SA6.5CA 


4-3 


BZW04P70 




SA70A 


4-3 


BZW04P70B 




SA70CA 


4-3 


BZW04P78 




SA78A 


4-3 


BZW04P78B 




SA78CA 


4-3 


R7wndP7\/n 

oLHHWr 1 VU 




QA7 HA 

Oni .Un 




BZW04P7V0B 




SA7.0CA 


4-3 


BZW04P7V8 




SA8.0A 


4-3 


BZW04P7V8B 




SA8.0CA 


4-3 


BZW04P85 




SA85A 


4-3 


BZW04P85B 




SA85CA 


4-3 


BZW04P8V5 




SA8.5A 


4-3 


BZW04P8V5B 




SA8.5CA 


4-3 


BZW04P94 




SA100A 


4-3 


BZW04P94B 




SA100CA 


4-3 






OnlUn 


4-0 


BZW04P9V4B 




SA10CA 


4-3 


BZW06-10 




P6KE12A 


4-7 


BZW06-102 




P6KE120A 


4-7 


BZW06-102B 




P6KE120CA 


4-7 


BZW06-10B 




P6KE12CA 


4-7 


BZW06-11 




P6KE13A 


4-7 


BZW06-111 




P6KE130A 


4-7 


BZW06-111B 




P6KE130CA 


4-7 


BZW06-11B 




P6KE13CA 


4-7 


R7WHR 19Q 
Di.VVUD- l/lO 




rufvt: 1 OUn 


A 7 


BZW06-128B 




P6KE150CA 


4-7 


BZW06-13 




P6KE15A 


4-7 


BZW06-136 




P6KE160A 


4-7 


BZW06-136B 




P6KE160CA 


4-7 


BZW06-13B 




P6KE15CA 


4-7 


BZW06-14 




P6KE16A 


4-7 


BZW06-145 




P6KE170A 


4-7 


BZW06-145B 




P6KE170CA 


4-7 


BZW06-14B 




P6KE16CA 


4-7 


BZW06-1 5 




P6KE18A 


4-7 


BZW06-154 




P6KE180A 


4-7 


BZW06-154B 




P6KE180CA 


4-7 


BZW06-15B 




P6KE18CA 


4-7 


BZW06-17 




P6KE20A 


4-7 


BZW06-171 




P6KE200A 


4-7 


BZW06-171B 




P6KE200CA 


4-7 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


BZW06-17B 




P6KE20CA 


4-7 


BZW06-188 




1.5KE220A 


4-17 


BZW06-188B 




1.5KE220CA 


4-17 


R7W06-19 




P6KE22A 

1 ur\Lttn 


4-7 


BZW06-19B 




P6KE22CA 


4-7 


BZW06-20 




P6KE24A 


4-7 


BZW06-20B 




P6KE24CA 


4-7 


BZW06-213 




1.5KE250A 


4-17 


BZW06-213B 




1.5KE250CA 


4-17 


BZW06-23 




P6KE27A 


4-7 


BZW06-23B 




P6KE27CA 


4-7 


BZW06-26 




P6KE30A 


4-7 


BZW06-26B 




P6KE30CA 


4-7 


ULItUU to 






4-7 


BZW06-28B 




P6KE33CA 


4-7 


BZW06-31 




P6KE36A 


4-7 


BZW06-31B 




P6KE36CA 


4-7 


BZW06-33 




P6KE39A 


4-7 


BZW06-33B 




P6KE39CA 


4-7 


BZW06-37 




P6KE43A 


4-7 


BZW06-37B 




P6KE43CA 


4-7 


BZW0640 




P6KE47A 


4-7 


BZW06-40B 




P6KE47CA 


4-7 


R7Wnfi-d4 




PRKFS1A 
roi\c3 1 n 


4-7 


BZW06-44B 




P6KE51CA 


4-7 


BZW06-48 




P6KE56A 


4-7 


BZW06-48B 




P6KE56CA 


4-7 


BZW06-53 




P6KE62A 


4-7 


BZW06-53B 




P6KE62CA 


4-7 


BZW06-58 




P6KE68A 


4-7 


BZW06-58B 




P6KE68CA 


4-7 


BZW06-5V8 




P6KE6.8A 


4-7 


BZW06-5V8B 




P6KE6.8CA 


4-7 


BZWnR-64 




P6KE7<iA 


4-7 


BZW06-64B 




P6KE75CA 


4-7 


BZW06-6V4 




P6KE7.5A 


4-7 


BZW06-6V4B 




P6KE7.5CA 


4-7 


BZW06-70 




P6KE82A 


4-7 


BZW06-70B 




P6KE82CA 


4-7 


BZW06-78 




P6KE91A 


4-7 


BZW06-78B 




P6KE91CA 


4-7 


BZW06-7V0 




P6KE8.2A 


4-7 


BZW06-7V0B 




P6KE8.2CA 


4-7 


D7VA/nc 7\/Q 

DiWUD-/ vt) 




roKbs.l A 


4-7 


BZW06-7V8B 




P6KE9.1CA 


4-7 


BZW06-85 




P6KE100A 


4-7 


BZW06-85B 




P6KE100CA 


4-7 


BZW06-8V5 




P6KE10A 


4-7 


BZW06-8V5B 




P6KE10CA 


4-7 


BZW06-94 




P6KE110A 


4-7 



Cross Reference and Index 
2-52 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


BZW06-94B 




P6KE110CA 


4-7 


BZW06-9V4 




P6KE11A 


4-7 


BZW06-9V4B 




P6KE11CA 


4-7 


BZW06P1 




P6KE12A 


4-7 


BZW06P102 




P6KE120A 


4-7 


BZW06P102B 




P6KE120CA 


4-7 


BZW06P10B 




P6KE12CA 


4-7 


BZW06P11 




P6KE13A 


4-7 


BZW06P111 




P6KE130A 


4-7 


BZW06P111B 




P6KE130CA 


4-7 


BZW06P11B 




P6KE13CA 


4-7 


BZW06P128 




P6KE150A 


4-7 


BZW06P128B 




P6KE150CA 


4-7 


RZwnRPn 




PfiKFISA 


4-7 


BZW06P136 




P6KE160A 


4-7 


BZW06P136B 




P6KE160CA 


4-7 


BZW06P13B 




P6KE15CA 


4-7 


BZW06P14 




P6KE16A 


4-7 


BZW06P145 




P6KE170A 


4-7 


BZW06P145B 




P6KE170CA 


4-7 


BZW06P14B 




P6KE16CA 


4-7 


BZW06P15 




P6KE18A 


4-7 


BZW06P154 




P6KE180A 


4-7 


BZW06P154B 




P6KE180CA 


4-7 


BZW06P15B 




P6KE18CA 


4-7 


BZW06P17 




P6KE20A 


4-7 


BZW06P171 




P6KE200A 


4-7 


BZW06P171B 




P6KE200CA 


4-7 


BZW06P17B 




P6KE20CA 


4-7 


BZW06P188 




1.5KE220A 


4-17 


BZW06P188B 




1.5KE220CA 


4-17 


BZW06P19 




P6KE22A 


4-7 


BZW06P19B 




P6KE22CA 


4-7 








L-l 


BZW06P20B 




P6KE24CA 


4-7 


BZW06P213 




1.5KE250A 


4-17 


BZW06P213B 




1.5KE250CA 


4-17 


BZW06P23 




P6KE27A 


4-7 


BZW06P23B 




P6KE27CA 


4-7 


BZW06P26 




P6KE30A 


4-7 


BZW06P26B 




P6KE30CA 


4-7 


BZW06P28 




P6KE33A 


4-7 


BZW06P28B 




P6KE33CA 


4-7 


BZW06P31 




P6KE36A 


4-7 


BZW06P31B 




P6KE36CA 


4-7 


BZW06P33 




P6KE39A 


4-7 


BZW06P33B 




P6KE39CA 


4-7 


BZW06P37 




P6KE43A 


4-7 


BZW06P37B 




P6KE43CA 


4-7 


BZW06P40 




P6KE47A 


4-7 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


BZW06P40B 




P6KE47CA 


4-7 


BZW06P44 




P6KE51A 


4-7 


BZW06P44B 




P6KE51CA 


4-7 


BZW06P48 




P6KE56A 


4-7 


BZW06P48B 




P6KE56CA 


4-7 


BZW06P53 




P6KE62A 


4-7 


BZW06P53B 




P6KE62CA 


4-7 


BZW06P58 




P6KE68A 


4-7 


BZW06P58B 




P6KE68CA 


4-7 


BZW06P5V8 




P6KE6.8A 


4-7 


BZW06P5V8B 




P6KE6.8CA 


4-7 


BZW06P64 




P6KE75A 


4-7 


BZW06P64B 




P6KE75CA 


4-7 


B7W06P6V4 




P6KE7 5A 


4-7 


BZW06P6V4B 




P6KE7.5CA 


4-7 


BZW06P70 




P6KE82A 


4-7 


BZW06P70B 




P6KE82CA 


4-7 


BZW06P78 




P6KE91A 


4-7 


BZW06P78B 




P6KE91CA 


4-7 


BZW06P7V0 




P6KE8.2A 


4-7 


BZW06P7V0B 




P6KE8.2CA 


4-7 


BZW06P7V8 




P6KE9.1A 


4-7 


BZW06P7V8B 




P6KE9.1CA 


4-7 


BZW06P85 




P6KE100A 


4-7 


BZW06P85B 




P6KE100CA 


4-7 


BZW06P8V5 




P6KE10A 


4-7 


BZW06P8V5B 




P6KE10CA 


4-7 


BZW06P94 




P6KE110A 


4-7 


BZW06P94B 




P6KE110CA 


4-7 


BZW06P9V4 




P6KE11A 


4-7 


BZW06P9V4B 




P6KE11CA 


4-7 


BZW07-10 




1N6276A 


4-17 


BZW07-10B 




1.5KE16CA 


4-17 


BZW07-110 




1 N6300A 


4-17 


BZW07-110B 




1.5KE160CA 


4-17 


BZW07-27 




1N6284A 


4-17 


BZW07-27B 




1.5KE36CA 


4-17 


BZW0743 




1N6290A 


4-17 


BZW07-43B 




1.5KE62CA 


4-17 


BZW11-10 




1N6276A 


4-17 


BZW11-10B 




1.5KE16CA 


4-17 


BZW11-110 




1N6300A 


4-17 


BZW11-110B 




1.5KE160CA 


4-17 


BZW11-27 




1 N6284A 


4-17 


BZW11-27B 




1.5KE36CA 


4-17 


BZW11-43 




1N6290A 


4-17 


BZW11-43B 




1.5KE62CA 


4-17 


BZX55C10 


BZX55C10RL 




6-14 


BZX55C11 


BZX55C11RL 




6-14 


BZX55C12 


BZX55C12RL 




6-14 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-53 



CROSS-REFERENCE (continued) 



In Hi ictru 

inuuoiry 


mULUltJId 


Mntnrnla 




Part 


Direct 


Similar 

\?PII 1 1 1 CXI 


Pag© 


!NUI IIVvl 


Rpniarpm^nt 

ncuicivvi i ivi i * 


ReDlacement 


Number 


BZX55C13 


BZX55C13RL 




6-14 


BZX55C15 


BZX55C15RL 




6-14 


BZX55C16 


BZX55C16RL 




6-14 


BZX55C18 


BZX55C1 8RL 




6-14 


BZX55C20 


BZX55C20RL 




6-14 


BZX55C22 


BZX55C22RL 




6-14 


BZX55C24 


BZX55C24RL 




6-14 


BZX55C27 


BZX55C27RL 




6-14 


BZX55C2V4 


BZX55C2V4RL 




6-14 


BZX55C2V7 


BZX55C2V7RL 




6-14 


BZX55C30 


BZX55C30RL 




6-14 


BZX55C33 


BZX55C33RL 




6-14 


BZX55C36 


BZX55C36RL 




6-14 


BZX55C39 


BZX55C39RL 




6-14 


BZX55C3V0 


BZX55C3V0RL 




6-14 


BZX55C3V3 


BZX55C3V3RL 




6-14 


BZX55C3V6 


BZX55C3V6RL 




6-14 


BZX55C3V9 


BZX55C3V9RL 




6-14 


BZX55C43 


BZX55C43RL 




6-14 


BZX55C47 


BZX55C47RL 




6-14 


BZX55C4V3 


BZX55C4V3RL 




6-14 


BZX55C4V7 


BZX55C4V7RL 




6-14 


BZX55C51 


BZX55C51RL 




6-14 


BZX55C56 


BZX55C56RL 




6-14 


BZX55C5V1 


BZX55C5V1RL 




6-14 


BZX55C5V6 


BZX55C5V6RL 




6-14 


BZX55C62 


BZX55C62RL 




6-14 


BZX55C68 


BZX55C68RL 




6-14 


BZX55C6V2 


BZX55C6V2RL 




6-14 


BZX55C6V8 


BZX55C6V8RL 




6-14 


BZX55C75 


BZX55C75RL 




6-14 


BZX55C7V5 


BZX55C7V5RL 




6-14 


BZX55C82 


BZX55C82RL 




6-14 


BZX55C8V2 


BZX55C8V2RL 




6-14 


BZX55C91 


BZX55C91RL 




6-14 


BZX55C9V1 


BZX55C9V1RL 




6-14 


BZX79C10 


BZX79C10RL 




6-15 


BZX79C100 


BZX79C100RL 




6-15 


BZX79C11 


BZX79C11RL 




6-15 


BZX79C110 


BZX79C110RL 




6-15 


BZX79C12 


BZX79C12RL 




6-15 


BZX79C120 


BZX79C120RL 




6-15 


BZX79C13 


BZX79C13RL 




6-15 


BZX79C130 


BZX79C130RL 




6-15 


BZX79C15 


BZX79C15RL 




6-15 


BZX79C150 


BZX79C150RL 




6-15 


BZX79C16 


BZX79C1 6RL 




6-15 


BZX79C160 


BZX79C160RL 




6-15 


BZX79C18 


BZX79C18RL 




6-15 


BZX79C180 


BZX79C180RL 




6-15 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


BZX79C20 


BZX79C20RL 




6-15 


BZX79C200 


BZX79C200RL 




6-15 


BZX79C22 


BZX79C22RL 




6-15 


BZX79C24 


BZX79C24RL 




6-15 


BZX79C27 


BZX79C27RL 




6-15 


BZX79C2V4 


BZX79C2V4RL 




6-15 


BZX79C2V7 


BZX79C2V7RL 




6-15 


BZX79C30 


BZX79C30RL 




6-15 


BZX79C33 


BZX79C33RL 




6-15 


BZX79C36 


BZX79C36RL 




6-15 


BZX79C39 


BZX79C39RL 




6-15 


BZX79C3V0 


BZX79C3V0RL 




6-15 


BZX79C3V3 


BZX79C3V3RL 




6-15 


BZX79C3V6 


BZX79C3V6RL 




6-15 


BZX79C3V9 


BZX79C3V9RL 




6-15 


BZX79C43 


BZX79C43RL 




6-15 


BZX79C47 


BZX79C47RL 




6-15 


BZX79C4V3 


BZX79C4V3RL 




6-15 


BZX79C4V7 


BZX79C4V7RL 




6-15 


BZX79C51 


BZX79C51RL 




6-15 


BZX79C56 


BZX79C56RL 




6-15 


BZX79C5V1 


BZX79C5V1RL 




6-15 


BZX79C5V6 


BZX79C5V6RL 




6-15 


BZX79C62 


BZX79C62RL 




6-15 


BZX79C68 


BZX79C68RL 




6-15 


BZX79C6V2 


BZX79C6V2RL 




6-15 


BZX79C6V8 


BZX79C6V8RL 




6-15 


BZX79C75 


BZX79C75RL 




6-15 


BZX79C7V5 


BZX79C7V5RL 




6-15 


BZX79C82 


BZX79C82RL 




6-15 


BZX79C8V2 


BZX79C8V2RL 




6-15 


BZX79C91 


BZX79C91RL 




6-15 


BZX79C9V1 


BZX79C9V1RL 




6-15 


BZX83C10 


BZX83C10RL 




6-16 


BZX83C11 


BZX83C11RL 




6-16 


BZX83C12 


BZX83C12RL 




6-16 


BZX83C13 


BZX83C13RL 




6-16 


BZX83C15 


BZX83C15RL 




6-16 


BZX83C16 


BZX83C16RL 




6-16 


BZX83C18 


BZX83C18RL 




6-16 


BZX83C20 


BZX83C20RL 




6-16 


BZX83C22 


BZX83C22RL 




6-16 


BZX83C24 


BZX83C24RL 




6-16 


BZX83C27 


BZX83C27RL 




6-16 


BZX83C2V7 


BZX83C2V7RL 




6-16 


BZX83C30 


BZX83C30RL 




6-16 


BZX83C33 


BZX83C33RL 




6-16 


BZX83C3V0 


BZX83C3V0RL 




6-16 


BZX83C3V3 


BZX83C3V3RL 




6-16 


BZX83C3V6 


BZX83C3V6RL 




6-16 



Cross Reference and Index 
2-54 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Moioroia 


Motorola 




ran 


Ulreci 


Clmllar 

oimiiar 


_ 

Page 


Number 


Danla^anlAnt 

nepiacemern 


ttepiacemeni 




BZX83C3V9 


BZX83C3V9RL 




6-16 


BZX83C4V3 


BZX83C4V3RL 




6-16 


BZX83C4V7 


BZX83C4V7RL 




6-16 


BZX83C5V1 


BZX83C5V1RL 




6-16 


BZX83C5V6 


BZX83C5V6RL 




6-16 


BZX83C6V2 


BZX83C6V2RL 




6-16 


BZX83C6V8 


BZX83C6V8RL 




6-16 


BZX83C7V5 


BZX83C7V5RL 




6-16 


BZX83C8V2 


BZX83C8V2RL 




6-16 


BZX83C9V1 


BZX83C9V1RL 




6-16 


R7X84C101 


BZX84C1 0LT1 




7-5 


R7X84C11I 


R7X84C1 1 LT1 




7-5 


BZX84C12L 


BZX84C12LT1 




7-5 


BZX84C13L 


BZX84C13LT1 




7-5 


R7YR4riRI 

Dt-AOtO I OL 






7-5 


ULAUtv I UL 


R7XR4C1BLT1 




7-5 


R7XR4H1 R\ 

DLAOtv I OL 


R7XR4C18I T1 

□LADILi 1 OL 1 1 




7-5 




DLAOtL/tUL 1 1 




7-5 


R7X84C22L 


R7X84C22LT1 




7-5 


BZX84C24L 


BZX84C24LT1 




7-5 


BZX84C27L 


BZX84C27LT1 




7-5 


BZX84C2V4L 


BZX84C2V4LT1 




7-5 


BZX84C2V7L 


BZX84C2V7LT1 




7-5 


BZX84C30L 


BZX84C30LT1 




7-5 


BZX84C33L 


BZX84C33LT1 




7-5 


BZX84C36L 


BZX84C36LT1 




7-5 


BZX84C39L 


BZX84C39LT1 




7-5 


BZX84C3V0L 

ULAU^Uv VUL 


R7X84C3V0LT1 




7-5 


R7X84CW3L 


R7X84C3V3LT1 

ULAUtuO V OL 1 1 




7-5 


BZX84C3V6L 


BZX84C3V6LT1 




7-5 


R7X84C3V9L 


BZX84f;3V9LT1 




7-5 


R7X8404^I 

D£. A 0*+ L/*t O L 


R7Yfi4f,4^l T1 

DcALnLf'HlLI 1 




7-5 


BZX84C47L 


BZX84C47LT1 




7-5 


BZX84C4V3L 


BZX84C4V3LT1 




7-5 


R7X8404V7I 

L7Z_AO*T\Jt V < L 


R7Yfi4f.4V7l T1 

ui.ACrtvt v ( LI I 




7-5 


BZX84C51L 


RZX84CS1LT1 

ULAU^WJ 1 L I 1 




7-5 


R7X84CSRL 


R7X84f; , iBl T1 

DLAUHL/JUL 1 1 




7-5 


BZX84CSV1 L 


R7Xft4f. I ,\/1l T1 

DLAOtljJ* ILI 1 




7-5 


BZX84C5V6L 


BZX84C5V6LT1 

IO£./\ U^uJ V UL 1 1 




7-5 


BZX84C62L 


BZX84C62LT1 




7-5 


BZX84C68L 


BZX84C68LT1 




7-5 


BZX84C6V2L 


BZX84C6V2LT1 




7-5 


BZX84C6V8L 


BZX84C6V8LT1 




7-5 


BZX84C75L 


BZX84C75LT1 




7-5 


BZX84C7V5L 


BZX84C7V5LT1 




7-5 


BZX84C8V2L 


BZX84C8V2LT1 




7-5 


BZX84C9V1L 


BZX84C9V1LT1 




7-5 


BZX85C10 


BZX85C10RL 




6-25 


BZX85C100 


BZX85C1 OORL 




6-25 


BZX85C11 


BZX85C11RL 




6-25 



CF = consult factory representative 



InHi IctPU 

inauoiry 




Motornlfl 
ivi \j k\j i via 




Part 


Direct 


Similar 


Page 




R f*n 1 ap Anient 


Rpnlaceiripnt 


Number 


BZX85C12 


BZX85C12RL 




6-25 


BZX85C13 


BZX85C13RL 




6-25 


BZX85C15 


BZX85C15RL 




6-25 


BZX85C16 


BZX85C16RL 




6-25 


BZX85C18 


BZX85C18RL 




6-25 


BZX85C20 


BZX85C20RL 




6-25 


BZX85C22 


BZX85C22RL 




6-25 


BZX85C24 


BZX85C24RL 




6-25 


BZX85C27 


BZX85C27RL 




6-25 


BZX85C30 


BZX85C30RL 




6-25 


BZX85C33 


BZX85C33RL 




6-25 


BZX85C36 


BZX85C36RL 




6-25 


BZX85C39 


BZX85C39RL 




6-25 


BZX85C3V3 


BZX85C3V3RL 




6-25 


BZX85C3V6 


BZX85C3V6RL 




6-25 


BZX85C3V9 


BZX85C3V9RL 




6-25 


BZX85C43 


BZX85C43RL 




6-25 


BZX85C47 


BZX85C47RL 




6-25 


BZX85C4V3 


BZX85C4V3RL 




6-25 


BZX85C4V7 


BZX85C4V7RL 




6-25 


BZX85C51 


BZX85C51RL 




6-25 


BZX85C56 


BZX85C56RL 




6-25 


BZX85C5V1 


BZX85C5V1RL 




6-25 


BZX85C5V6 


BZX85C5V6RL 




6-25 


BZX85C62 


BZX85C62RL 




6-25 


BZX85C68 


BZX85C68RL 




6-25 


BZX85C6V2 


BZX85C6V2RL 




6-25 


BZX85C6V8 


BZX85C6V8RL 




6-25 


BZX85C75 


BZX85C75RL 




6-25 


BZX85C7V5 


BZX85C7V5RL 




6-25 


BZX85C82 


BZX85C82RL 




6-25 


BZX85C8V2 


BZX85C8V2RL 




6-25 


BZX85C91 


BZX85C91RL 




6-25 


BZX85C9V1 


BZX85C9V1RL 




6-25 


DTZ10 




1.5KE10CA 


4-17 


DTZ100 




1.5KE100CA 


4-17 


DTZ100A 




1.5KE100CA 


4-17 


DTZ10A 




1.5KE10CA 


4-17 


DTZ11 




1.5KE11CA 


4-17 


DTZ110 




1.5KE110CA 


4-17 


DTZ110A 




1.5KE110CA 


4-17 


DTZ11A 




1.5KE11CA 


4-17 


DTZ12 




1.5KE12CA 


4-17 


DTZ120 




1.5KE120CA 


4-17 


DTZ120A 




1.5KE120CA 


4-17 


DTZ12A 




1.5KE12CA 


4-17 


DTZ13 




1.5KE13CA 


4-17 


DTZ130 




1.5KE130CA 


4-17 


DTZ130A 




1.5KE130CA 


4-17 


DTZ13A 




1.5KE13CA 


4-17 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-55 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


DTZ15 




1.5KE15CA 


4-17 


DTZ150 




1.5KE150CA 


4-17 


DTZ150A 




1.5KE150CA 


4-17 


DTZ15A 




1.5KE15CA 


4-17 


DTZ16 




1.5KE16CA 


4-17 


DTZ160 




1.5KE160CA 


4-17 


DTZ160A 




1.5KE160CA 


4-17 


DTZ16A 




1.5KE16CA 


4-17 


DTZ170 




1.5KE170CA 


4-17 


DTZ170A 




1.5KE170CA 


4-17 


DTZ18 




1.5KE18CA 


4-17 


DTZ180 




1.5KE180CA 


4-17 


DTZ180A 




1.5KE180CA 


4-17 


DTZ18A 




1.5KE18CA 


4-17 


DTZ20 




1.5KE20CA 


4-17 


DTZ200 




1.5KE200CA 


4-17 


DTZ200A 




1.5KE200CA 


4-17 


DTZ20A 




1.5KE20CA 


4-17 


DTZ22 




1.5KE22CA 


4-17 


DTZ220 




1.5KE220CA 


4-17 


DTZ220A 




1.5KE220CA 


4-17 


DTZ22A 




1.5KE22CA 


4-17 


DTZ24 




1.5KE24CA 


4-17 


DTZ24A 




1.5KE24CA 


4-17 


DTZ250 




1.5KE250CA 


4-17 


DTZ250A 




1.5KE250CA 


4-17 


DTZ27 




1.5KE27CA 


4-17 


DTZ27A 




1.5KE27CA 


4-17 


DTZ30 




1.5KE30CA 


4-17 


DTZ30A 




1.5KE30CA 


4-17 


DTZ33 




1.5KE33CA 


4-17 


DTZ33A 




1.5KE33CA 


4-17 


DTZ36 




1.5KE36CA 


4-17 


DTZ36A 




1.5KE36CA 


4-17 


DTZ39 




1.5KE39CA 


4-17 


DTZ39A 




1.5KE39CA 


4-17 


DTZ43 




1.5KE43CA 


4-17 


DTZ43A 




1.5KE43CA 


4-17 


DTZ47 




1.5KE47CA 


4-17 


DTZ47A 




1.5KE47CA 


4-17 


DTZ51 




1.5KE51CA 


4-17 


0TZ51A 




1.5KE51CA 


4-17 


DTZ56 




1.5KE56CA 


4-17 


DTZ56A 




1.5KE56CA 


4-17 


DTZ62 




1.5KE62CA 


4-17 


DTZ62A 




1.5KE62CA 


4-17 


DTZ68 




1.5KE68CA 


4-17 


DTZ68A 




1.5KE68CA 


4-17 


DTZ6V8 




1.5KE6.8CA 


4-17 


DTZ6V8A 




1.5KE6.8CA 


4-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


DTZ75 




1.5KE75CA 


4-17 


DTZ75A 




1.5KE75CA 


4-17 


DTZ7V5 




1.5KE7.5CA 


4-17 


HT77V/CA 
U I LI VOM 




1 .OlVL/.OL'n 


A 17 


DTZ82 




1.5KE82CA 


4-17 


DTZ82A 




1.5KE82CA 


4-17 


DTZ8V2 




1.5KE8.2CA 


4-17 


DTZ8V2A 




1.5KE8.2CA 


4-17 


DTZ91 




1.5KE91CA 


4-17 


DTZ91A 




1.5KE91CA 


4-17 


DTZ9V1 




1.5KE9.1CA 


4-17 


DTZ9V1A 




1.5KE9.1CA 


4-17 


GMP-5 




1N6373 


4-19 


GMP-5A 




1N6373 


4-19 


GMP-5B 




1N6373 


4-19 


ICT-10 




ICTE-10 


4-19 


ICT-10C 




ICTE-1 OC 


4-19 


ICT-12 




ICTE-12 


4-19 


ICT-12C 




ICTE-1 2C 


4-19 


ICT-15 




ICTE-1 5 


4-19 


ICT-15C 




ICTE-1 5C 


4-19 


ICT-18 




ICTE-1 8 


4-19 


ICT-18C 




ICTE-1 8C 


4-19 


ICT-22 




ICTE-22 


4-19 


ICT-22C 




ICTE-22C 


4-19 


ICT-36 




ICTE-36 


4-19 


ICT-36C 




ICTE-36C 


4-19 


ICT-45 




ICTE-45 


4-19 


ICT45C 




ICTE-45C 


4-19 


ICT-5 




ICTE-5 


4-19 


ICT-8 




ICTE-8 


4-19 


ICT-8C 




ICTE-8C 


4-19 


ICTE-10 


ICTE-10 




4-19 


i^Tr * fir* 

ICTE-1 OC 


ICTE-1 OC 




4-19 


ICTE-12 


ICTE-12 




4-19 


ICTE-12C 


ICTE-12C 




4-19 


ICTE-1 5 


ICTE-1 5 




4-19 


ICTE-1 5C 


ICTE-1 5C 




4-19 


ICTE-1 8 


ICTE-1 8 




4-19 


ICTE-1 8C 


ICTE-1 8C 




4-19 


ICTE-22 


ICTE-22 




4-19 


ICTE-22C 


ICTE-22C 




4-19 


ICTE-36 


ICTE-36 




4-19 


ICTE-36C 


ICTE-36C 




4-19 


ICTE45 


ICTE-45 




4-19 


ICTE-45C 


ICTE-45C 




4-19 


ICTE-5 


ICTE-5 




4-19 


ICTE-8 


ICTE-8 




4-19 


ICTE-8C 


ICTE-8C 




4-19 


LVA100A 




MZ5530B 


6-18 



Cross Reference and Index 
2-56 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



In Hi ictru 

in uuoir y 


Mn trim la 


Motorola 




Part 


Direct 


Similar 


Page 




Rpnlarpmpnt 


Rpnlarpmpnt 

nUUIQwvl J Ivl 1 I 


Number 


LVA3100A 




MZ5530B 


6-18 


LVA343A 




MZ5521B 


6-18 


LVA347A 




MZ5522B 


6-18 


LVA351A 




MZ5523B 


6-18 


LVA356A 




MZ5524B 


6-18 


LVA362A 




MZ5525B 


6-18 


LVA368A 




MZ5526B 


6-18 


LVA375A 




MZ5527B 


6-18 


LVA382A 




MZ5528B 


6-18 


LVA391A 




MZ5529B 


6-18 


LVA43A 




MZ5521B 


6-18 


LVA47A 




MZ5522B 


6-18 


LVA51A 




MZ5523B 


6-18 


LVA56A 




MZ5524B 


6-18 


LVA62A 




MZ5525B 


6-18 


LVA68A 




MZ5526B 


6-18 


LVA75A 




MZ5527B 


6-18 


LVA82A 




MZ5528B 


6-18 


LVA91A 




MZ5529B 


6-18 


MLL4099 




MMSZ4692T1 


7-13 


MLL4100 




MMSZ4693T1 


7-13 


MLL4101 




MMSZ4694T1 


7-13 


MLL4102 




MMSZ4695T1 


7-13 


MLL4103 




MMSZ4696T1 


7-13 


MLL4104 




MMSZ4697T1 


7-13 


MLL4105 




MMSZ4698T1 


7-13 


MLL4106 




MMSZ4699T1 


7-13 


MLL4107 




MMSZ4700T1 


7-13 


MLL4108 




MMSZ4701T1 


7-13 


MLL4109 




MMSZ4702T1 


7-13 


MLL4110 




MMSZ4703T1 


7-13 


MLL4111 




MMSZ4704T1 


7-13 


MLL4112 




MMSZ4705T1 


7-13 


MLL4113 




MMSZ4706T1 


7-13 


MLL4114 




MMSZ4707T1 


7-13 


MLL4115 




MMSZ4708T1 


7-13 


MLL4116 




MMSZ4709T1 


7-13 


MLL4117 




MMSZ4710T1 


7-13 


MLL4118 




MMSZ4711T1 


7-13 


MLL4119 




MMSZ4712T1 


7-13 


MLL4120 




MMSZ4713T1 


7-13 


MLL4121 




MMSZ4714T1 


7-13 


MLL4122 




MMSZ4715T1 


7-13 


MLL4123 




MMSZ4716T1 


7-13 


MLL4124 




MMSZ4717T1 


7-13 


MLL4125 




MMSZ5261 BT1 


7-12 


MLL4126 




MMSZ5262BT1 


7-12 


MLL4127 




MMSZ5263BT1 


7-12 


MLL4128 




MMSZ5264BT1 


7-12 


MLL4129 




MMSZ5265BT1 


7-12 



CF = consult factory representative 



InriiiQtrv 
ii IUU3U y 


Motorola 


Motorola 




Part 


Direct 


Similar 


Paae 


Number 


Replacement 


Replacement 


Number 


MLL4130 




MMSZ5266BT1 


7-12 


MLL4131 




MMSZ5267BT1 


7-12 


MLL4132 




MMSZ5268BT1 


7-12 


MLL4133 




ft Ift Ir^lCn^^nT^ 

MMSZ5269BT1 


7-12 


MLL4134 




MMSZ5270BT1 


7-12 


MLL4370A 




MMSZ5221BT1 


7-11 


MLL4371A 




MMSZ5223BT1 


7-11 


MLL4372A 




MMSZ5225BT1 


7-11 


MLL4614 




MMSZ4678T1 


7-13 


MLL4615 




MMSZ4679T1 


7-13 


MLL4616 




MMSZ4680T1 


7-13 


MLL4617 




MMSZ4681T1 


7-13 


MLL4618 




MMSZ4682T1 


7-13 


MLL4619 




MMSZ4683T1 


7-13 


MLL4620 




MMSZ4684T1 


7-13 


MLL4621 




MMSZ4685T1 


7-13 


MLL4622 




MMSZ4686T1 


7-13 


MLL4623 




MMSZ4687T1 


7-13 


MLL4624 




MMSZ4688T1 


7-13 


MLL4625 




MMSZ4689T1 


7-13 


MLL4626 




MMSZ4690T1 


7-13 


MLL4627 




MMSZ4691T1 


7-13 


MLL4678 




MMSZ4678T1 


7-13 


MLL4679 




MMSZ4679T1 


7-13 


MLL4680 




MMSZ4680T1 


7-13 


MLL4681 




MMSZ4681T1 


7-13 


MLL4682 




MMSZ4682T1 


7-13 


MLL4683 




MMSZ4683T1 


7-13 


MLL4684 




MMSZ4684T1 


7-13 


MLL4685 




MMSZ4685T1 


7-13 


MLL4686 




MMSZ4686T1 


7-13 


MLL4687 




MMSZ4687T1 


7-13 


MLL4688 




MMSZ4688T1 


7-13 


MLL4689 




MMSZ4689T1 


7-13 


MLL4690 




MMSZ4690T1 


7-13 


MLL4691 




MMSZ4691T1 


7-13 


MLL4692 




MMSZ4692T1 


7-13 


MLL4693 




MMSZ4693T1 


7-13 


MLL4694 




MMSZ4694T1 


7-13 


MLL4695 




MMSZ4695T1 


7-13 


MLL4696 




MMSZ4696T1 


7-13 


MLL4697 




MMSZ4697T1 


7-13 


MLL4698 




MMSZ4698T1 


7-13 


MLL4699 




MMSZ4699T1 


7-13 


MLL4700 




MMSZ4700T1 


7-13 


MLL4701 




MMSZ4701T1 


7-13 


MLL4702 




MMSZ4702T1 


7-13 


MLL4703 




MMSZ4703T1 


7-13 


MLL4704 




MMSZ4704T1 


7-13 


MLL4705 




MMSZ4705T1 


7-13 



Motorola TVS/Zener Device Data 
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CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


MLL4706 




MMSZ4706T1 


7-13 


MLL4707 




MMSZ4707T1 


7-13 


MLL4708 




MMSZ4708T1 


7-13 


full 1 470Q 




IVIIVlOt-Hl U3 1 1 


7-13 


MLL4710 




MMSZ4710T1 


7-13 


MLL4711 




MMSZ4711T1 


7-13 


MLL4712 




MMSZ4712T1 


7-13 


MLL4713 




MMSZ4713T1 


7-13 


MLL4714 




MMSZ4714T1 


7-13 


MLL4715 




MMSZ4715T1 


7-13 


MLL4716 




MMSZ4716T1 


7-13 


MLL4717 




MMSZ4717T1 


7-13 


MLL4728 




1SMB5913BT3 


7-17 


Ml 1 /1700A 






7 17 


MLL4729 




1SMB5914BT3 


7-17 


MLL4729A 




1SMB5914BT3 


7-17 


MLL4730 




1SMB5915BT3 


7-17 


MLL4730A 




1SMB5915BT3 


7-17 


MLL4731 




1SMB5916BT3 


7-17 


MLL4731A 




1SMB5916BT3 


7-17 


MLL4732 




1SMB5917BT3 


7-17 


MLL4732A 




1SMB5917BT3 


7-17 


MLL4733 




1SMB5918BT3 


7-17 


MLL4/OOn 






7 17 


MLL4734 




1SMB5919BT3 


7-17 


MLL4734A 




1SMB5919BT3 


7-17 


MLL4735 




1SMB5920BT3 


7-17 


MLL4735A 




1SMB5920BT3 


7-17 


MLL4736 




1SMB5921BT3 


7-17 


MLL4736A 




1SMB5921BT3 


7-17 


MLL4737 




1SMB5922BT3 


7-17 


MLL4737A 




1SMB5922BT3 


7-17 


MLL4738 




1SMB5923BT3 


7-17 


Ml ! i7^ftA 

MLL'W OOM 




I OMD03ZOD I 


7 17 


MLL4739 




1SMB5924BT3 


7-17 


MLL4739A 




1SMB5924BT3 


7-17 


MLL4740 




1SMB5925BT3 


7-17 


MLL4740A 




1SMB5925BT3 


7-17 


MLL4741 




1SMB5926BT3 


7-17 


MLL4741A 




1SMB5926BT3 


7-17 


MLL4742 




1SMB5927BT3 


7-17 


MLL4742A 




1SMB5927BT3 


7-17 


MLL4743 




1SMB5928BT3 


7-17 


Ml t A~7AO/i 

MLL4/4JA 




1 i>MB5928BT3 


7-17 


MLL4744 




1SMB5929BT3 


7-18 


MLL4744A 




1SMB5929BT3 


7-18 


MLL4745 




1SMB5930BT3 


7-18 


MLL4745A 




1SMB5930BT3 


7-18 


MLL4746 




1SMB5931BT3 


7-18 


MLL4746A 




1SMB5931BT3 


7-18 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


MLL4747 




1SMB5932BT3 


7-18 


MLL4747A 




1SMB5932BT3 


7-18 


MLL4748 




1SMB5933BT3 


7-18 


Ml I 474AA 




1 OIVIU'JCJOiJLJ 1 U 


7-18 


MLL4749 




1SMB5934BT3 


7-18 


MLL4749A 




1SMB5934BT3 


7-18 


MLL4750 




1SMB5935BT3 


7-18 


MLL4750A 




1SMB5935BT3 


7-18 


MLL4751 




1SMB5936BT3 


7-18 


MLL4751A 




1SMB5936BT3 


7-18 


MLL4752 




1SMB5937BT3 


7-18 


MLL4752A 




1SMB5937BT3 


7-18 


MLL4753 




1SMB5938BT3 


7-18 


Ml 1 47*^ A 




1 9MR5Q'*RR'TC 

I OIVIDOyoOD 1 


7-18 


MLL4754 




1SMB5939BT3 


7-18 


MLL4754A 




1SMB5939BT3 


7-18 


MLL4755 




1SMB5940BT3 


7-18 


MLL4755A 




1SMB5940BT3 


7-18 


MLL4756 




1SMB5941BT3 


7-18 


MLL4756A 




1SMB5941BT3 


7-18 


MLL4757 




1SMB5942BT3 


7-18 


MLL4757A 




1SMB5942BT3 


7-18 


MLL4758 




1SMB5943BT3 


7-18 


mi i <i7^fta 

IvlLm/Oon 




1 ofvlDuiWOD 1 J 


7 1ft 


MLL4759 




1SMB5944BT3 


7-18 


MLL4759A 




1SMB5944BT3 


7-18 


MLL4760 




1SMB5945BT3 


7-18 


MLL4760A 




1SMB5945BT3 


7-18 


MLL4761 




1SMB5946BT3 


7-18 


MLL4761A 




1SMB5946BT3 


7-18 


MLL4762 




1SMB5947BT3 


7-18 


MLL4762A 




1SMB5947BT3 


7-18 


MLL4763 




1SMB5948BT3 


7-18 


Ml I A7fi^A 




1 <5MR^QAflRT^ 


7 1fl 
f- IO 


MLL4764 




1SMB5949BT3 


7-18 


MLL4764A 




1SMB5949BT3 


7-18 


MLL5221B 




MMSZ5221 BT1 


7-11 


MLL5222B 




MMSZ5222BT1 


7-11 


MLL5223B 




MMSZ5223BT1 


7-11 


MLL5224B 




MMSZ52248T1 


7-11 


MLL5225B 




MMSZ5225BT1 


7-11 


MLL5226B 




MMSZ5226BT1 


7-11 


MLL5227B 




MMSZ5227BT1 


7-11 


Ml I WORD 




MMQ7£99RRT1 


7 11 


MLL5229B 




MMSZ5229BT1 


7-11 


MLL5230B 




MMSZ5230BT1 


7-11 


MLL5231B 




MMSZ5231BT1 


7-11 


MLL5232B 




MMSZ5232BT1 


7-11 


MLL5233B 




MMSZ5233BT1 


7-11 


MLL5234B 




MMSZ5234BT1 


7-11 



Cross Reference and Index 
2-58 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


Ml 1 COOED 




MMoZD*M3B 1 1 


7 H1 


til 1 DMAS 

MLL5236B 




UUO7C10COT1 

MMo^b23DDll 


7-11 


MLL5237B 




MMSZ5237BT1 


7-11 


MLL5238B 




MMSZ5238BT1 


7-11 


til i cionO 

MLL5239B 




1 J 1 J O 7EO n DTI 

MMbZb239BT1 


7-11 


MLL5240B 




HHC7CO jinDTI 

MMbZ5240BT 1 


7-11 


1 11 1 r r\ a 4 It 

MLL5241B 




MMSZ5241 BT1 


7-11 


i ii I rA a f\n 

MLL5242B 




ill i(*"7rn inirr* 

MMSZ5242BT1 


7-11 


i ii i rn inn 

MLL5243B 




ill l^7r A JOHT4 

MMSZ5243BT1 


7-11 


1 11 1 r r\ A in 

MLL5244B 




in ir*7rft a a rsTM 

MMSZ5244BT1 


7-11 


MLL5245B 




MMSZ5245BT1 


7-11 


MLL5246B 




MMSZ5246BT1 


7-11 


MLL5247B 




MMSZ5247BT1 


7-11 


MLL5248B 




MMSZ5248BT1 


7-11 


■ 11 1 rA a Ah 

MLL5249B 




i ii imfrt j /mty" j 

MMSZ5249BT1 


7-11 


MLL5250B 




1 11 lf*7rnPAhTj 

MMSZ5250BT1 


7-11 


I ii 1 rn r ■ n 

MLL5251B 




in ir-7f nr a nT< 

MMSZ5251BT1 


7-11 


kll 1 m rrn O 

MLL5252B 




1 11 IA7rflrAnT4 

MMSZ5252BT1 


7-11 


til 1 fnrrtn 

MLL5253B 




i ii inrftrnnT< 

MMSZ5253BT1 


7-11 


til i .-■ - a n 

MLL5254B 




i ii i^7rAP jnTi 

MMSZ5254BT1 


7-11 


in i cncrn 

MLL5255B 




111 lAlrArrrtT* 

MMSZ5255BT1 


7-11 


kll 1 m c n 

MLL5256B 




I ii irv7rArAnT4 

MMSZ5256BT1 


7-12 


MLL5257B 




MMSZ5257BT1 


7-12 


MLL5258B 




MMSZ5258BT1 


7-12 


MLL5259B 




MMSZ5259BT1 


7-12 


MLL5260B 




MMSZ5260BT1 


7-12 


MLL5261B 




MMSZ5261BT1 


7-12 


MLL5262B 




MMSZ5262BT1 


7-12 


MLL5263B 




MMSZ5263BT1 


7-12 


ill I rr\f* a n 

MLL5264B 




MMSZ5264BLT1 


7-12 


i ii I r"ri/^r~n 

MLL5265B 




MMSZ5265BLT1 


7-12 


MLL5266B 




iiii07rn^Ani Ti 

MMSZ5266BLT1 


7-12 


MLL5267B 




MMSZ5267BLT1 


7-12 


MLL5268B 




MMSZ5268BLT1 


7-12 


MLL5269B 




MMSZ5269BLT1 


7-12 


MLL5270B 




MMSZ5270BLT1 


7-12 


MLL5913A.B 




1SMB5913BT3 


7-17 


ill I m a a a n 

MLL5914A.B 




1SMB5914BT3 


7-17 


MLL5915A,B 




1SMB5915BT3 


7-17 


ML.L5916A.B 




1SMB5916BT3 


7-17 


111 I cr\A ~r A r> 

MLL5917A,B 




1SMB5917BT3 


7-17 


111 1 rninA n 

MLL5918A,B 




1SMB5918BT3 


7-17 


MLL5919A.B 




1SMB5919BT3 


7-17 


MLL5920A.B 




1SMB5920BT3 


7-17 


MLL5921A.B 




1SMB5921BT3 


7-17 


MLL5922A.B 




1SMB5922BT3 


7-17 


MLL5923A.B 




1SMB5923BT3 


7-17 


MLL5924A.B 




1SMB5924BT3 


7-17 


MLL5925A.B 




1SMB5925BT3 


7-17 


MLL5926A.B 




1SMB5926BT3 


7-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


Ml I G.Q97A R 




laflHDSKKf D I 


7-17 


Ml 1 COOQA D 




1C.MRK.Q9P.RT'} 


7-17 
I'll 


MLL5929A.B 




1SMB5929BT3 


7-18 


MLL5930A.B 




1SMB5930BT3 


7-18 


Ml 1 EQT.1 A n 
MLLOao lA,b 




ICMRW^IRT'* 
loMtJOyolDlO 


7 1fl 
f - 10 


Ml I E0.79A R 




1 QMRWWRT'* 
I OlviDOyOcD I 


7 1P 
f - 10 


Ml I EOOOA □ 




1 CMRKQQQDT'J 
loMDbyjob I 


7 1fl 


til 1 CCilA A □ 

MLLb934A,B 




lOMRCQQyiRTQ 

ioMbbyo4b i o 


7 1Q 


ill 1 cnOCA D 

MLLb935A,B 




1bMbb93bBI3 


7 10 
/-It) 


IJI 1 cnoCA □ 

MLLb936A,B 




1 CMDEmCDTQ 

ibMDbyjbbio 


7 1 Q 

Mo 


kll 1 Cn07 A □ 

MLL5937A.B 




4 Ok JDCf117DT1 

1bMB5937BI3 


7-18 


ill 1 cnooA D 

MLL5938A.B 




- Ck IDCAIODTI 

1 SMB5938BT3 


7-18 


MLL5939A,B 




1SMB5939BT3 


7-18 


MLL5940A.B 




1SMB5940BT3 


7-18 


t Jl 1 dC\Ai A □ 

MLLo941 A,B 




ibMBb941Blo 


7 10 


111 1 PfijnA n 

MLL5942A,B 




1bMDb942Dl3 


7-18 


MLLb943A,B 




ioMBb943Blo 


7 10 

MO 


til J en * A A D 

MLL5944A,B 




1 bMBb944B 1 3 


7-18 


iii i cnAC A □ 




* Ct JDCO^ICDTO 

ioMbby4bDio 


7-18 


Ml 1 cn <ca □ 
MLLoy4DA,D 




ioMbby4bbio 


7 1 D 


Ml 1 EQ/7A R 




1 QhilRi;Q^7RT'3 
loMbay4/DlO 


7 1P 
f - IO 


Ml 1 E0/1QA □ 




loMDby4oblo 


7 1Q 


MLL5949A.B 




1SMB5949BT3 


7-18 


MLL5950A,B 




1SMB5950BT3 


7-18 


t 11 1 enc HAD 

MLL5951A.B 




4 CUDCftCH DTI 

1SMB5951BT3 


7-18 


>ii i cncoA □ 

MLLb9b2A,B 




i Ct JDCfiCODTO 

1oMBb9b2Dl3 


7-18 


k ii i trnco a n 

MLL5953A.B 




1SMB5953BT3 


7-18 


k ii i enc a a n 

MLL5954A.B 




1SMB5954BT3 


7-18 


til 1 cnccA D 

MLL5955A,B 




1bMB59boBT3 


7-18 


tn i cnrcA □ 

mLLo956A,B 




1bMBo9boBT3 


7-18 


til 1 ~!A£\ 

MLL/4bA 




MMoZb22bB1 1 


7-11 


til 1 7/I7A 

MLL/4/A 




t It 107C007DT1 

MMoZb227BT1 


7-11 


MLL748A 




MMSZ5228BT1 


7-11 


MLL749A 




MMSZ5229BT1 


7-11 


hill I 7cnA 
MLL/OUA 




tlMC7CT3nQT1 

MMbZb^oUBI I 


7-11 


Mi 1 7E1 A 

MLL/O lA 




MMbZb2olBI1 


7-11 


Ml I 7COA 

MLL/b2A 




titlC7CO'30DTH 

MMbZo232B 1 1 


7-11 


MLL753A 




MMbZ5234BT1 


7-11 


til I 7k1 a 

MLL/b4A 




tit*O7CO0CDT1 

MMbZb23bBn 


7-11 


til I 7CCA 

MLL/bbA 




MMbZb23bB[1 


7-11 


MLL756A 




111 IC7Cm7DT'l 

MMbZb237BT1 


7-11 


MLL757A 




111 lf 1 7C01nDT< 

MMSZb239BT1 


7-11 


MLL758A 




MMSZ5240BT1 


7-11 


MLL759A 




MMSZ5242BT1 


7-11 


MLL957B 




MMSZ5235BT1 


7-11 


MLL958B 




MMSZ5236BT1 


7-11 


MLL959B 




MMSZ5237BT1 


7-11 


MLL960B 




MMSZ5239BT1 


7-11 


MLL961B 




MMSZ5240BT1 


7-11 


MLL962B 




MMSZ5241BT1 


7-11 



Motorola TVS/Zener Device Data 



Cross Reference and Index 



CROSS-REFERENCE (continued) 



InriiiQtrv 

ii iuuoii y 


Motorola 

lYIVlVsl via 


Motorola 




Part 


Direct 


Similar 


Paae 


Num b6r 


Replacement 


Replacement 


Number 


MLL963B 




MMSZ5242BT1 


7-11 


MLL964B 




MMSZ5243BT1 


7-11 


MLL965B 




MMSZ5245BT1 


7-11 


MLL966B 




MMSZ5246BT1 


7-11 


MLL967B 




MMSZ5248BT1 


7-11 


MLL968B 




MMSZ5250BT1 


7-11 


MLL969B 




MMSZ5251BT1 


7-11 


MLL970B 




MMSZ5252BT1 


7-11 


MLL971B 




MMSZ5254BT1 


7-11 


MLL972B 




MMSZ5256BT1 


7-12 


MLL973B 




MMSZ5257BT1 


7-12 


MLL974B 




MMSZ5258BT1 


7-12 


MLL975B 




MMSZ5259BT1 


7-12 


MLL976B 




MMSZ5260BT1 


7-12 


MLL977B 




MMSZ5261BT1 


7-12 


MLL978B 




MMSZ5262BT1 


7-12 


MLL979B 




MMSZ5263BT1 


7-12 


MLL980B 




MMSZ5265BT1 


7-12 


MLL981B 




MMSZ5266BT1 


7-12 


MLL982B 




MMSZ5267BT1 


7-12 


MLL983B 




MMSZ5268BT1 


7-12 


MLL984B 




MMSZ5270BT1 


7-12 


MMBZ15VDLT1 


MMBZ15VDLT1 




7-6 


MMBZ5221BL 


MMBZ5221BLT1 




7-6 


MMBZ5222BL 


MMBZ5222BLT1 




7-6 


MMBZ5223BL 


MMBZ5223BLT1 




7-6 


MMBZ5224BL 


MMBZ5224BLT1 




7-6 


MMBZ5225BL 


MMBZ5225BLT1 




7-6 


MMBZ5226BL 


MMBZ5226BLT1 




7-6 


MMBZ5227BL 


MMBZ5227BLT1 




7-6 


MMBZ5228BL 


MMBZ5228BLT1 




7-6 


MMBZ5229BL 


MMBZ5229BLT1 




7-6 


MMBZ5230BL 


MMBZ5230BLT1 




7-6 


MMBZ5231BL 


MMBZ5231 BLT1 




7-6 


MMBZ5232BL 


MMBZ5232BLT1 




7-6 


MMBZ5233BL 


MMBZ5233BLT1 




7-6 


MMBZ5234BL 


MMBZ5234BLT1 




7-6 


MMBZ5235BL 


MMBZ5235BLT1 




7-6 


MMBZ5236BL 


MMBZ5236BLT1 




7-6 


MMBZ5237BL 


MMBZ5237BLT1 




7-6 


MMBZ5238BL 


MMBZ5238BLT1 




7-6 


MMBZ5239BL 


MMBZ5239BLT1 




7-6 


MMBZ5240BL 


MMBZ5240BLT1 




7-6 


MMBZ5241BL 


MMBZ5241BLT1 




7-6 


MMBZ5242BL 


MMBZ5242BLT1 




7-6 


MMBZ5243BL 


MMBZ5243BLT1 




7-6 


MMBZ5244BL 


MMBZ5244BLT1 




7-6 


MMBZ5245BL 


MMBZ5245BLT1 




7-6 


MMBZ5246BL 


MMBZ5246BLT1 




7-6 


MMBZ5247BL 


MMBZ5247BLT1 




7-6 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


MMBZ5248BL 


MMBZ5248BLT1 




7-6 


MMBZ5249BL 


MMBZ5249BLT1 




7-6 


MMBZ5250BL 


MMBZ5250BLT1 




7-6 


MMBZ5251BL 


MMBZ5251BLT1 




7-6 


MMBZ5252BL 


MMBZ5252BLT1 




7-6 


MMBZ5253BL 


MMBZ5253BLT1 




7-6 


MMBZ5254BL 


MMBZ5254BLT1 




7-6 


MMBZ5255BL 


MMBZ5255BLT1 




7-6 


MMBZ5256BL 


MMBZ5256BLT1 




7-6 


MMBZ5257BL 


MMBZ5257BLT1 




7-6 


MMBZ5258BL 


MMBZ5258BLT1 




7-6 


MMBZ5259BL 


MMBZ5259BLT1 




7-6 


MMBZ5260BL 


MMBZ5260BLT1 




7-6 


MMBZ5261BL 


MMBZ5261BLT1 




7-6 


MMBZ5262BL 


MMBZ5262BLT1 




7-6 


MMBZ6263BL 


MMBZ5263BLT1 




7-6 


MMBZ5264BL 


MMBZ5264BLT1 




7-6 


MMBZ5265BL 


MMBZ5265BLT1 




7-6 


MMBZ5266BL 


MMBZ5266BLT1 




7-6 


MMBZ5267BL 


MMBZ6267BLT1 




7-6 


MMBZ5268BL 


MMBZ5268BLT1 




7-6 


MMBZ5269BL 


MMBZ5269BLT1 




7-6 


MMBZ5270BL 


MMBZ5270BLT1 




7-6 


MMBZ5V6ALT1 


MMBZ5V6ALT1 




5-2 


MPT-10 




MPTE-10 


4-19 


MPT-10C 




MPTE-10C 


4-19 


MPT-12 




MPTE-12 


4-19 


MPT-12C 




MPTE-12C 


4-19 


MPT-15 




MPTE-15 


4-19 


MPT-15C 




MPTE-15C 


4-19 


MPT-18 




MPTE-18 


4-19 


MPT-18C 




MPTE-18C 


4-19 


MPT-22 




MPTE-22 


4-19 


MPT-22C 




MPTE-22C 


4-19 


MPT-36 




MPTE-36 


4-19 


MPT-36C 




MPTE-36C 


4-19 


MPT-45 




MPTE-45 


4-19 


MPT-45C 




MPTE-45C 


4-19 


MPT-5 




MPTE-5 


4-19 


MPT-8 




MPTE-8 


4-19 


MPT-8C 




MPTE-8C 


4-19 


MPTE-10 


MPTE-10 




4-19 


MPTE-10C 


MPTE-10C 




4-19 


MPTE-12 


MPTE-12 




4-19 


MPTE-12C 


MPTE-12C 




4-19 


MPTE-15 


MPTE-15 




4-19 


MPTE-15C 


MPTE-15C 




4-19 


MPTE-18 


MPTE-18 




4-19 


MPTE-18C 


MPTE-18C 




4-19 


MPTE-22 


MPTE-22 




4-19 



Cross Reference and Index 
2-60 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


mptp oor* 
Mr 1 C.-cc\s 


Mr I t.-LC\j 




4 1Q 
t- 1 y 


MPTP 
Mr I t-Ou 


MDTC oc 
Mr I t-OD 




4- iy 


MPTE-36C 


MPTE-36C 




4-19 


MPTE-45 


MPTE-45 




4-19 


Mrl L-4oO 


Mr 1 t-4bU 




4-1 y 


Mr I b-b 


Mr 1 b-o 




yl 1Q 

4-1 y 


iinTC Q 

Mr 1 b-8 


MDTC 

Mr 1 b-8 




A 10 

4-1 y 


Mr 1 t-oO 


mdtp or* 
Mr 1 t-OO 




A 1 Q 
4-1 y 


MDOCOCI 

MH2bobL 


MDOCOCI 

MH2b3bL 




A 01 

4-£l 


MZ1 000-1 


1 N4728A 




C O/ 


ki74 nnn m 

MZ1 000-10 


1 N4737A 




6-24 


k 174 nnn 4 4 

MZ 1 000-1 1 


1 KM700 A 

1 N4738A 




6-24 


MZ1000-12 


1N4739A 




6-24 


MZ1000-13 


1N4740A 




6-24 


1 1~7 i nnn i a 

MZ1000-14 


1N4741A 




6-24 


MZ1000-15 


1 N4742A 




6-24 


M7mnn ic 

MZ1 000-16 


1 N4743A 




6-24 


MZ1 000-1 7 


1 N4744A 




6-24 


M71 flfifl 1 

MZlUUO-lo 


1 N4 / 4bA 




c r)A 

0V4 


M7i nnn in 
MZ10U0-19 


1 KIATAG A 

1N4/4bA 




6-24 


MZ 1000-2 


1N4/29A 




6-24 


M7i nnn on 

MZ1 000-20 


1 N4747A 




6-24 


MZ1 000-21 


1N4748A 




6-24 


MZ1 000-22 


1N4749A 




6-24 


M74 nnn oo 

MZ1 000-23 


4 K 1 Aim A 

1 N4750A 




6-24 


MZ 1 000-24 


1N4751A 




6-24 


1 k~7< nnn nc 

MZ1 000-25 


4 hi jnco A 

1 N4752A 




6-24 


ti~T4 nnn ic 

MZ 1 000-26 


4 Mnci A 

1 N4753A 




6-24 


k 174 Ann m 

MZ1 000-27 


1 N4754A 




6-24 


k 17-4 nnn no 

MZ 1 000-28 


1 N4755A 




6-24 


ki74 nnn nn 

MZ1 000-29 


4 M A~TCC A 

1 N4756A 




6-24 


ki7i nnn o 

MZ1 000-3 


4 k 1 ^"7on a 

1 N4730A 




6-24 


MZ1 000-30 


1N4757A 




6-24 


MZ1 000-31 


1N4758A 




6-24 


ij7< nnn on 

MZ1 000-32 


4 k 1 ^ "7cn A 

1 N4759A 




6-24 


k 174 nnn oo 

MZ1 OUU-oo 


4 M AtCft A 

1N4/D0A 




6-24 


M71 nnn o/i 
MZ.1 OUU-34 


4 KU7C1 A 
1N4/D1A 




6-24 


1 nnn oc 
mil UUU-OO 


1N4/02A 




6-24 


I J7i nnn oc 
Mil OUU-ob 


4 kM7CO A 




6-24 


1174 nnn 07 

MZ1 000-37 


1 N4764A 




6-24 


kJ7-< nnn d 

MZ1 0U0-4 


4 ki nn A 

1N4731A 




6-24 


k J7i nnn r 

MZ1 000-5 


4 k 1 A llfl A 

1 N4732A 




6-24 


MZ1 000-6 


1N4733A 




6-24 


MZ1 000-7 


1N4734A 




6-24 


MZ1 000-8 


1N4735A 




6-24 


MZ1 000-9 


1N4736A 




6-24 


MZ4099 


MZ4099 




6-17 


MZ4100 


MZ4100 




6-17 


MZ4101 


MZ4101 




6-17 


MZ4102 


MZ4102 




6-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Numoer 


Mi.4 I Uo 






fi-17 
O l / 


\k7A\C\A 
IVl£.4 I U4 


IV1Z.4 I U4 




□ i / 


MZ4614 


MZ4614 




6-17 


MZ4615 


MZ4615 




6-17 


MZ.40 I D 


Wli'tD I D 




fi-17 


MZ.4D1 / 


MZ.4bl / 




fi-17 
0- I 1 


M7.dfi1 fl 
Mt.40 1 


M7dR1 ft 
IVi£. £ tD 1 




fi-17 
O l / 


Mi4biy 


ki7^e-(Q 
Mi-HUiy 




R_17 
g- 1 / 


M£4D<:U 


M7dR0n 
Mi.4D^U 




fi-17 


KA7AR0i 


Kjt7,4fi01 
MZ.40^1 




fi-17 


MZ4022 


M7HCOO 
MZ4D22 




R 17 


MZ4b2o 


HjI7/1C00 

MZ4b2o 




C 17 


MZ4624 


MZ4624 




6-17 


MZ4625 


MZ4625 




6-17 


MZ4626 


MZ4b2b 




C 1 7 
D-l / 


M7/IC07 

MZ462/ 


M^7/1C07 

Mi4b^/ 




R 17 

b-i / 


M7/1C7Q 


1 M 1K7B 
llN4b/o 




ci n 

D- 1 U 


M7/1fi7Q 
MZ.40/y 


4M/C7Q 

irj4D/y 




fi m 
0- 1 u 


MZ.400U 


1 Wiififtn 

] IN40tSU 




fi m 

D I U 


MZ.4bol 


1 MlfiQI 
11N4D01 




ci n 
D- 1 U 


M7dCQ0 

MZ.4boV 


1 N4bo^ 




r in 


MZ.4D00 


1 IN4D00 




fi m 


MZ4684 


1N4684 




6-10 


MZ4685 


1N4685 




6-10 


1 17 1 CDC 

MZ4686 


1 N4686 




6-10 


MZ.4D0/ 


lN4bo/ 




cm 
o-l U 


M7 1CQQ 


ll\4boo 




c 1 n 
b-iu 


MZ4boy 


4 km eon 

lN4boy 




cm 

b-iu 


M7^cnn 
MZ4b90 


1 N4b9U 




6-10 


Mi4byi 


1 M1CQ1 

1 N4byi 




cm 
b-iu 


Mi4b92 


1 N4by2 




6-10 


M7,1CQO 

Mi4byo 


1 KM COO 

1 N4byo 




cm 
b-lU 


MZ4694 


1N4694 




6-10 


MZ4695 


1N4695 




6-10 


Mi4byb 


-1 KMCOC 

1 iN4byb 




cm 
b-iu 


MZ.4by/ 


1 KMCQ7 

1 N4by 1 




cm 

b-iu 


r\i17/lRQQ 
MZ.4Dyo 


1 KM ROD, 




c m 
b-iu 


M7dRQQ 

Mz/toyy 


1 KMCQQ 

1 iN4byy 




cm 

b-iu 


M7>i7nn 
MZ.4/UU 


4 KM7nn 
1 N4/UU 




6-10 


Mi.4/Ul 


1 KM701 

1 N4/U1 




c m 

b-iu 


M7>17no 


4 k|/7no 




6-10 


MZ4703 


4 \\A 7no 

1N4/U3 




6-10 


MZ4704 


1N4704 




6-10 


MZ4705 


1N4705 




6-10 


MZ4706 


1N4706 




6-10 


MZ4707 


1N4707 




6-10 


MZ4708 


1N4708 




6-10 


MZ4709 


1N4709 




6-10 


MZ4710 


1N4710 




6-10 


MZ4711 


1N4711 




6-10 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-61 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


MZ4712 


1N4712 




6-10 


MZ4713 


1N4713 




6-10 


MZ4714 


1N4714 




6-10 


MZ4715 


1N4715 




6-10 


MZ4716 


1N4716 




6-10 


MZ4717 


1N4717 




6-10 


MZ500-1 


1N5221B 




6-11 


MZ500-10 


1N5232B 




6-11 


MZ500-11 


1N5234B 




6-11 


MZ500-12 


1N5235B 




6-11 


MZ500-13 


1N5236B 




6-11 


MZ500-14 


1N5237B 




6-11 


MZ500-15 


1N5239B 




6-11 


MZ500-16 


1N5240B 




6-11 


MZ500-17 


1N5241B 




6-11 


MZ500-18 


1N5242B 




6-11 


MZ500-19 


1N5243B 




6-11 


MZ500-2 


1N5223B 




6-11 


MZ500-20 


1N5245B 




6-11 


MZ500-21 


1N5246B 




6-11 


MZ500-22 


1N5248B 




6-11 


MZ500-23 


1N5250B 




6-11 


MZ500-24 


1N5251B 




6-11 


MZ500-25 


1N5252B 




6-11 


MZ500-26 


1N5254B 




6-11 


MZ500-27 


1N5256B 




6-11 


MZ500-28 


1N5257B 




6-11 


MZ500-29 


1N5258B 




6-11 


MZ500-3 


1N5225B 




6-11 


MZ500-30 


1N5259B 




6-11 


MZ500-31 


1N5260B 




6-11 


MZ500-32 


1N5261B 




6-11 


MZ500-33 


1N5262B 




6-11 


MZ500-34 


1N5263B 




6-11 


MZ500-35 


1N5265B 




6-11 


MZ500-36 


1N5266B 




6-12 


MZ500-37 


1N5267B 




6-12 


MZ500-38 


1N5268B 




6-12 


MZ500-39 


1N5270B 




6-12 


MZ500-4 


1N5226B 




6-11 


MZ500-40 


1N5271B 




6-12 


MZ500-5 


1N5227B 




6-11 


MZ500-6 


1N5228B 




6-11 


MZ500-7 


1N5229B 




6-11 


MZ500-8 


1N5230B 




6-11 


MZ500-9 


1N5231B 




6-11 


MZ5520B 


MZ5520B 




6-18 


MZ5521B 


MZ5521B 




6-18 


MZ5522B 


MZ5522B 




6-18 


MZ5523B 


MZ5523B 




6-18 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


MZ5524B 


MZ5524B 




6-18 


MZ5525B 


MZ5525B 




6-18 


MZ5526B 


MZ5526B 




6-18 


i ncrA7n 

MZ5527B 


MZ5527B 




6-18 


MZ5628B 


MZ6528B 




6-18 


MZ5529B 


MZ6529B 




6-18 


MZ5530B 


MZ5530B 




6-18 


MZ5555 




1N6284A 


4-17 


MZ5556 




1N6287A 


4-17 


MZ5557 




1N6289A 


4-17 


MZ5558 




1N6303A 


4-17 


MZ623-10 




1N4744A 


6-24 


MZ623-10A 




1N4744A 


6-24 


MZ623-10B 




1 N4744A 


6-24 


MZ623-11 




1N4745A 


6-24 


MZ623-11A 




1N4745A 


6-24 


MZ623-11B 




1N4745A 


6-24 


MZ623-12 




1N4746A 


6-24 


MZ623-12A 




1N4746A 


6-24 


MZ623-12B 




1N4746A 


6-24 


MZ623-13 




1N4746A 


6-24 


MZ623-13A 




1N4746A 


6-24 


MZ623-13B 




1N4746A 


6-24 


MZ623-14 




1 N4747A 


6-24 


MZ623-14A 




1N4747A 


6-24 


MZ623-14B 




1N4747A 


6-24 


MZ623-15 




1N4747A 


6-24 


MZ623-15A 




1N4747A 


6-24 


MZ623-15B 




1N4747A 


6-24 


MZ623-16 




1N4748A 


6-24 


MZ623-16A 




1N4748A 


6-24 


MZ623-16B 




1N4748A 


6-24 


MZ623-17 




1N4749A 


6-24 


MZ623-1 7A 




1 N4749A 


6-24 


MZ623-17B 




1N4749A 


6-24 


MZ623-18 




1N4749A 


6-24 


MZ623-18A 




1N4749A 


6-24 


MZ623-18B 




1N4749A 


6-24 


MZ623-19 




1N4750A 


6-24 


MZ623-19A 




1N4750A 


6-24 


MZ623-19B 




1N4760A 


6-24 


MZ623-20 




1N4751A 


6-24 


MZ623-20A 




1N4751A 


6-24 


MZ623-20B 




1N4761A 


6-24 


MZ623-21 




1N4752A 


6-24 


MZ623-21A 




1N4752A 


6-24 


MZ623-21B 




1N4752A 


6-24 


MZ623-22 




1N4763A 


6-24 


MZ623-22A 




1N4753A 


6-24 


MZ623-22B 




1N4753A 


6-24 



Cross Reference and Index 
2-62 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


M7fioo_oo, 






6-24 


U7ROQ 00.A 




1M_I7C_I A 
1 IM*f / 0*+n 


6-24 


MZ623-23B 




1N4754A 


6-24 


MZ623-24 




1N4755A 


6-24 


117094 OAL. 




I rvf 1 DOn 




M7COQ O^O 




1 MA7CRA 
1N4/D0A 


fi-9/1 
0-i4 


M7P90. OE 




1IN4/D0A 


fi.9/1 

o-i4 


M7R00 OKA 




1 M/17G.PA 
1IN4/D0A 


e_0/1 
D-,.,4 






1 M 17CC A 
1 N4 / ODA 


P_0/l 
D-^4 


M7C00 OP 




1 M/17KP A 

1N4/DDA 


D-_!4 


tnaM OCA 




1 KM7CC A 
1 P*4 / ODA 


C_0/l 

0-i4 


H7P00 OPQ 




1 M 17CK A 
1 N4 / ODA 


P_0/1 


MZ623-27 




1N4757A 


6-24 


MZ623-27A 




1N4757A 


6-24 


UTeaa 07R 
mLvcd-tLi D 




1 WA7P.7A 
I INH / / A 


fi_9/l 


Mi.OiO-0 




1 KM7i1 1 A 
1 f>f 4 1 4 1 A 


CLOA 
D-i4 


U7P.00._p. A 
Mi.0iO-OA 




1 KM 7/1 1 A 
1N4/41A 


CO/1 

D-i4 


U7R0QCR 




1 MA7M A 
I 1N4 / 4 I A 


CO/1 


MiOtO - / 




1 WA749A 
I / 


e_0/l 
D-_:*t 


M7R90„7A 
Mi.0i0-/ A 




1MA7A9A 
1 nJ4 / 4_:A 


CO/ 






1 KM7/IOA 

1N4/4<;A 


C_0/1 

D--:4 


MZ623-8 




1 N4743A 


6-24 


MZ623-8A 




1N4743A 


6-24 


MZ623-8B 




1N4743A 


6-24 


MZ023-9 




1 N4744A 


6-24 


M7P00 OA 




< K\A7A A A 

1N4/44A 


6-24 


MZ.D20-9O 




1N4744A 


6-24 


Mi./U-lUUb 


1 MC07i D 
1NS>_!/1D 




6-12 


M£/U-lUb 


1 N0_i4Ub 




6-11 


MiVU- 1 IUD 


1 MC070R 




c 1 


M77H.1 1 R 
Mi. / U- 1 1 


1 MCO/1 1 R 
llN0i41b 




6-11 


M77fLi onn 

Mi/ U- I iUD 


1 MG970 R 
1 INOi/ OD 




6-12 


MZ70-12B 


1N5242B 




6-11 


MZ70-130B 


1N5274B 




6-12 


M77f\_1 OR 


1 MPO/IQD 




6-11 


M77n_1 /4fiR 
Mi./ LM4UO 


1 MC07C D 




6-12 


M77fi_1 /ID 
Mi./U-14D 


1 ND_:44b 




6-11 


M77I"L1 cnn 
Mi./U- I0UD 


1 MP07PR 
IND^/Ob 




6-12 


M77f\_1 CD 


1 MEO/IGR 




6-11 


M77fV1 RflR 
Mi. / U 1 DUD 


1 MK077R 

InOcf fa 




6-12 


U77fT_1PD 
MiVU-lOb 


i hlCOACD 

l No_:4Db 




6-11 


HJl77n_i7nD 
M_./U-l /Ub 


INO^/ob 




6-12 


MZ70-17B 


1N5247B 




6-11 


MZ70-180B 


1N5279B 




6-12 


MZ70-18B 


1N5248B 




6-11 


MZ70-190B 


1N5280B 




6-12 


MZ70-19B 


1N5249B 




6-11 


MZ70-2.4B 


1N5221B 




6-11 


MZ70-2.5B 


1N5222B 




6-11 


MZ70-2.7B 


1N5223B 




6-11 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Clmll-r 

oimiiar 


Page 


Number 


Replacement 


Replacement 




M77n_? fiR 

Nil/ U l.OD 


1 N"i??4B 




6-11 


1 Vli_ / LrcUUD 


1 NSPS1 B 




6-12 


MZ70-20B 


1N5250B 




6-11 


MZ70-22B 


1N5251B 




6-11 


IVIc / U c4 D 


1 WQCQCo 




6-11 


mil LriOD 


1MC0C0D 




6-11 


M770-97R 
mi. / U ii/ D 


1 MROR/IR 
1 INOiOHD 




6-11 


M77n_9ftR 
ML I U-iO D 


I INDiDDD 




fi-11 


M77n.^ 1R 


1 MPOOPR 




R-11 
D - 1 I 


M770_'7 RR 


1 MG097R 




R-11 


U77n qr 


iMcooflR 




R-11 


M77n_onR 

Mi./U-JUb 






R.11 


MZ70-33B 


1N5257B 




6-11 


MZ70-36B 


1N5258B 




6-11 


M77n-1QR 
mi. / U'OyD 


1KJCOCQR 






M77(V^R 






fi-11 
0^ 1 1 


Mi./U-*f.0D 


4MCOOQR 




fi.11 


U77n__l 7R 


1 INOiOUD 




6-11 


M77fUd^R 






6-11 


U77(Vd7R 

Mi. / U-*f / D 


1 MR9P1 R 




fi-11 

O" I I 


Mi/ U*D, ! D 


1 MfiOQ 1 R 




R.11 
0-11 


H77n_K PR 
Mi./U-0.Db 


1 MKOIOR 




R_11 
D-ll 


MZ70-51B 


1N5262B 




6-11 


MZ70-56B 


1N5263B 




6-11 


Illl77n_P OR 


1 MPOO/R 




P 11 
D-ll 


M77fLR ftR 
Mi./LrD.0D 






0-11 


M77n_RnR 


1 MKORilR 
1 IN0.MD 




R_11 
D-l I 


W77n_R0R 


1 MKORKR 




P_11 

0-1 1 


U77n_ROR 

Mi./U-DOD 


1 MPORRR 




R-10 
0" li 


M77H-RR 


1 MROOOR 
I INDiOOD 




R-11 
D - 1 I 


U77IV7 RR 
Mi. / Krl .OD 






fi 11 
I I 


M77H-7RR 

Mif U / QD 


1 NC9P.7R 




fi-19 
0" It 


MZ70-8.2B 


1N5237B 




6-11 


MZ70-8.7B 


1N5238B 




6-11 


M77n_ftOR 
Mi./u-o_:D 


1 NC.9RAR 




c 1 
O-li 


M77fLft7R 
Mi./U-0/ D 


1 MKOROR 




0-1 i 


M77fV-Q 1 R 
Mi./ U 5. I D 


1 WK90QR 




0-1 1 


M77IT.Q1 R 
Mi./ U~3 I D 


1 NG.97nR 
I IN0_:/UD 




C_1 
D-lc 


vnLisd.- 1 UUD 




■*k|C071R 


P 10 

0-1 i 


M7QO.inR 
Miy^- I UD 




1 MROAflR 
I pJ0_;4UD 


P 11 

o-n 


M7Q9 11 OR 
M_.yti- I I UD 




1 MR079R 


R 1 
0-1 c 


M7Q9 11 R 
Mi.9_;- I I D 




1 MCO 1 1 P 


0-11 


MZ92-120B 




1N5273B 


6-12 


MZ92-12B 




1N5242B 


6-11 


MZ92-130B 




1N5274B 


6-12 


MZ92-13B 




1N5243B 


6-11 


MZ92-140B 




1N5275B 


6-12 


MZ92-14B 




1N5244B 


6-11 


MZ92-150B 




1N5276B 


6-12 


MZ92-16B 




1N5245B 


6-11 



Motorola TVS/Zener Device Data 



Cross Reference and Index 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


MZ92-160B 




1 MC077D 

1N5277B 


6-12 


MZ9Z-16B 




1N5246B 


0-1 1 


MZ92-170B 




1N5278B 


6-12 


MZ92-17B 




1N5247B 


6-11 


MZ92-180B 




1N5279B 


6-12 


MZ9Z-18B 




1 N5248B 


6-11 


i I7n/i 4 nnn 

MZ92-190B 




1N5280B 


6-12 


MZ9Z-19B 




I N5249B 


6-11 


MZ92-2.4B 




A Menu D 

1N5221B 


6-11 


MZ92-2.5B 




1 N5222B 


6-11 


U7rtn O TO 

MZ92-2.7B 




1 N5223B 


6-11 


t I7nn n Art 

MZ92-2.8B 




4 ft irnn a n 

1 N5224B 


6-11 


MZ92-200B 




1N5281B 


6-12 


MZ92-20B 




1N5250B 


6-11 


1 17AA nnn 

MZ92-22B 




4 ftlrnr 4 n 

1N5251B 


6-11 


i I7nn n jin 

MZ92-24B 




4 urnrnn 

1 N5252B 


6-11 


ft I7AA nrn 

MZ92-25B 




4 ft Irnrnn 

1N5253B 


6-11 


ft I7AA rnn 

MZ92-27B 




4 ft irnr 4 n 

1 N5254B 


6-11 


ft nnn Ann 

MZ92-28B 




4 ft irnrrn 

1 N5255B 


6-11 


ft I7nn nnn 

MZ92-3.3B 




1 N5226B 


6-11 


ft nnn n An 

MZ92-3.6B 




4 ft 1 rnmn 

1 N5227B 


6-11 


ft nnn n nn 

MZ92-3.9B 




4 ft irnnnn 

1 N5228B 


6-11 


MZ92-30B 




1N5256B 


6-11 


MZ92-33B 




1N5257B 


6-11 


ft nnn nnn 

MZ92-36B 




4 urnrnn 

1 N5258B 


6-11 


> nnn inn 

MZ92-39B 




4 ilcncnn 

1N5259B 


6-11 


1 nnn nn 

MZ92-3B 




1N5225B 


6-11 


> nnn 4 nn 

MZ92-4.3B 




4 ft irnnnn 

1N5229B 


6-11 


ft nnn j -rm> 

MZ92-4.7B 




4 ft imnnn 

1N5230B 


6-11 


MZ92-43B 




4 ft Irnnnn 

1N5260B 


6-11 


MZ92-47B 




4 ft irnn^ n 

1N5261B 


6-11 


1 l7no c 4 D 

MZ92-5. 1 B 




4 d irnn ■* n 

1N5231B 


6-11 


MZ92-5.6B 




1N5232B 


6-11 


MZ92-51B 




1N5262B 


6-11 


»J7nO, CCD 

MZ92-bob 




4 ft irncnn 

1 N5263B 


6-11 


ft J7QO C OD 

MZ9Z-o.<;b 




4 ncni jn 

1 N5234B 


6-11 


M7G1 C QD 

Mzy<:-b.ob 




4 MC10CD 

1 No23oB 


6-11 


MZsZ-bUb 




4 ftiirn<* a n 

1N5264B 


6-11 


1170/1 COD 




4 kiennrr) 

1 N5265B 


6-12 


H700 COD 

MZy<:-bob 




4 ncnfCD 

1 No2d6d 


6-12 


MZ92-6B 




4 ft Irnnnn 

1 N5233B 


6-11 


MZ92-7.5B 




1 N5236B 


6-11 


MZ92-75B 




1N5267B 


6-12 


MZ92-8.2B 




1N5237B 


6-11 


MZ92-8.7B 




1N5238B 


6-11 


MZ92-82B 




1N5268B 


6-12 


MZ92-87B 




1N5269B 


6-12 


MZ92-9.1B 




1N5239B 


6-11 


MZ92-91B 




1N5270B 


6-12 


MZD10 


MZ010 




6-35 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


U7n4/Vt 


i.i7rH nn 

MZU 100 




b-ob 


M7n.44 
MZD11 


MZU 11 




b-ob 


MZD110 


MZD110 




6-35 


MZD12 


MZD12 




6-35 


MZD120 


ii7r\4on 

MZU 120 




b-ob 


MZUt o 


MZU 10 




0-00 


MZU 1 oU 


mzumu 




0-00 


MZU lb 


MZUlb 




ft IC 

b-ob 


MZUlOU 


MZUloU 




b-oo 


MZUlb 


MZUlb 




0-00 


MZUlbU 


MZUlOU 




o-oo 


MZUlo 


MZUltJ 




b-ob 


MZD180 


mzdi8o 




6-35 


MZD20 


MZD20 




6-35 


»j7nnnn 

MZU2UU 


MZU200 




c ox 
b-ob 


MZU22 


MZUZ2 




o-ob 


MZU24 


MZU24 




b-ob 


MZD27 


MZD27 




6-35 


MZD3.9 


MZD3.9 




6-35 


MZD30 


MZD30 




6-35 


MZD33 


MZD33 




6-35 


MZ036 


MZD36 




6-35 


MZD39 


MZD39 




6-35 


MZD4.3 


MZD4.3 




6-35 


MZD4.7 


MZD4.7 




6-35 


MZD43 


MZD43 




6-35 


MZD47 


MZD47 




6-35 


MZD5.1 


MZD5.1 




6-35 


MZD5.6 


MZD5.6 




6-35 


MZU51 


MZD51 




6-35 


MZD56 


MZD56 




6-35 


mLUu.tl 


MZUb.Z 




6-35 


MZD6.8 


MZD6.8 




6-35 


MZD62 


MZD62 




6-35 


MiUDo 


MZUbo 




b-ob 


1*71-17 c 

mLUI .0 


H7H7 C. 




b-ob 


M7FY7K 
Mi.U/0 


MZUrb 




b-ob 




MZUO.Z 




b-ob 




MZUo^ 




6-35 


Mz.uy. 1 


ni7no ni 
MZU9.1 




6-35 


U7r\rn 

Mzuy 1 


MZD91 




6-35 


1 J7D>(700 A 

MZP4728A 


MZP4728A 




6-36 


MZP4729A 


MZP4729A 




6-36 


MZP4730A 


MZP4730A 




6X36 


MZP4731A 


MZP4731A 




6-36 


MZP4732A 


MZP4732A 




6-36 


MZP4733A 


MZP4733A 




6-36 


MZP4734A 


MZP4734A 




6-36 


MZP4735A 


MZP4735A 




6-36 


MZP4736A 


MZP4736A 




6-36 



Cross Reference and Index 
2-64 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


MZP4737A 


MZP4737A 




6-36 


MZP4738A 


MZP4738A 




6-36 


MZP4739A 


MZP4739A 




6-36 


MZP4740A 


MZP4740A 




6-36 


MZP4741A 


MZP4741A 




6-36 


MZP4742A 


MZP4742A 




6-36 


MZP4743A 


MZP4743A 




6-36 


MZP4744A 


MZP4744A 




6-36 


MZP4745A 


MZP4745A 




6-36 


MZP4746A 


MZP4746A 




6-36 


MZP4747A 


MZP4747A 




6-36 


MZP4748A 


MZP4748A 




6-36 


MZP4749A 


MZP4749A 




6-36 


MZP4750A 


MZP4750A 




6-36 


MZP4751A 


MZP4751A 




6-36 


MZP4752A 


MZP4752A 




6-36 


MZP4753A 


MZP4753A 




6-36 


MZP4754A 


MZP4764A 




6-36 


MZP4755A 


MZP4755A 




6-36 


MZP4756A 


MZP4756A 




6-36 


MZP4757A 


MZP4757A 




6-36 


MZP4758A 


MZP4758A 




6-36 


MZP4759A 


MZP4759A 




6-36 


MZP4760A 


MZP4760A 




6-36 


MZP4761A 


MZP4761A 




6-36 


MZP4762A 


MZP4762A 




6-36 


MZP4763A 


MZP4763A 




6-36 


MZP4764A 


MZP4764A 




6-36 


MZPY10 


MZPY10 




6-26 


MZPY100 


MZPY100 




6-26 


MZPY11 


MZPY11 




6-26 


MZPY12 


MZPY12 




6-26 


MZPY13 


MZPY13 




6-26 


MZPY15 


MZPY15 




6-26 


MZPY16 


MZPY16 




6-26 


MZPY18 


MZPY18 




6-26 


MZPY20 


MZPY20 




6-26 


MZPY22 


MZPY22 




6-26 


MZPY24 


MZPY24 




6-26 


MZPY27 


MZPY27 




6-26 


MZPY3.9 


MZPY3.9 




6-26 


MZPY30 


MZPY30 




6-26 


Mir T 00 


MZ.r TOO 






MZPY36 


MZPY36 




6-26 


MZPY39 


MZPY39 




6-26 


MZPY4.3 


MZPY4.3 




6-26 


MZPY4.7 


MZPY4.7 




6-26 


MZPY43 


MZPY43 




6-26 


MZPY47 


MZPY47 




6-26 


MZPY5.1 


MZPY5.i 




6-26 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


MZPY5.6 


MZPYS.6 




6-26 


MZPY51 


MZPY51 




6-26 


MZPY56 


MZPY56 




6-26 


MZPY6.2 


MZPY6.2 




6-26 


MZPY6.8 


MZPY6.8 




6-26 


MZPY62 


MZPY62 




6-26 


MZPY68 


MZPY68 




6-26 


MZPY7.5 


MZPY7.5 




6-26 


MZPY76 


MZPY75 




6-26 


MZPY8.2 


MZPY8.2 




6-26 


MZPY82 


MZPY82 




6-26 


MZPY9.1 


MZPY9.1 




6-26 


MZPY91 


MZPY91 




6-26 


P5KE100A 




P6KE120A 


4-7 


P5KE100CA 




P6KE120CA 


4-7 


P5KE10A 




P6KE12A 


4-7 


P5KE10CA 




P6KE12CA 


4-7 


P5KE110A 




P6KE130A 


4-7 


P5KE110CA 




P6KE130CA 


4-7 


P5KE11A 




P6KE13A 


4-7 


P5KE11CA 




P6KE13CA 


4-7 


P5KE120A 




P6KE150A 


4-7 


P5KE120CA 




P6KE150CA 


4-7 


P5KE12A 




P6KE15A 


4-7 


P5KE12CA 




P6KE15CA 


4-7 


P5KE130A 




P6KE160 


4-7 


P5KE130CA 




P6KE160CA 


4-7 


P6KE13A 




P6KE15A 


4-7 


P5KE13CA 




P6KE15CA 


4-7 


P5KE14A 




P6KE18A 


4-7 


P5KE14CA 




P6KE18CA 


4-7 


P5KE150A 




P6KE180A 


4-7 


P5KE150CA 




P6KE180CA 


4-7 


P5KE15A 




P6KE18A 


4-7 


P5KE15CA 




P6KE18CA 


4-7 


P5KE160A 




P6KE200A 


4-7 


P5KE160CA 




P6KE200CA 


4-7 


P5KE16A 




P6KE20A 


4-7 


P5KE16CA 




P6KE20CA 


4-7 


P5KE170A 




P6KE200A 


4-7 


P5KE170CA 




P6KE200CA 


4-7 


P5KE17A 




P6KE20A 


4-7 


P5KE17CA 






4-7 


P5KE18A 




P6KE22A 


4-7 


P5KE18CA 




P6KE22CA 


4-7 


P5KE20A 




P6KE24A 


4-7 


P5KE20CA 




P6KE24CA 


4-7 


P5KE22A 




P6KE27A 


4-7 


P5KE22CA 




P6KE27CA 


4-7 


P5KE24A 




P6KE30A 


4-7 



Motorola TVS/Zener Device Data 



Cross Reference and Index 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


oimiiar 


Page 


Number 


Replacement 


Replacement 


Mi imhor 






PfiKF^DCA 

r Or\CO\A/A 


4-7 


rOftP^OA 




PRKF'WA 


4-7 


P5KE26CA 




P6KE33CA 


4-7 


P5KE28A 




P6KE33A 


4-7 


rOrNPtOOA 




PfiKFWOA 

rurNLuijiy'n 


4-7 


PEKFqnA 




PfiKF^RA 


4-7 


rOftPOUOA 




PfikF^RCA 


4-7 


rOrxCOOA 




PRKF°,QA 


4-7 


rOftEOOL'A 




PRKFIQPA 


4-7 


PRKF1RA 
rOf\CauA 




PfiKF4*3A 

r ur\c^un 


4-7 


rOrVEuoVjA 




PfiKFA^PA 


4-7 


pci/p/nA 

rOr\C4UA 




PRKF47A 


4-7 


P5KE40CA 




P6KE47CA 


4-7 


P5KE43A 




P6KE51A 


4-7 


rOr\C4uV;A 




ror\co i OA 


4-7 


r0i\C40A 




PRKFRRA 
r urxCuuA 


4-7 


rOftCHOOA 




PfiKFRRPA 


4-7 


PRVFARA 
rOi\tmoA 




rur\COuA 


4-7 


PRKFAflfA 




pci/pccpA 


4-7 


rOfttO.un 




PRKFR RA 
ruiNPu.OA 


4-7 


Dcurt; noA 




DCl/CR Qr*A 
rOr\tO.OUA 




rOKtOl A 




DRk'PRO A 


A 7 


P5KE51CA 




P6KE62CA 


4-7 


P5KE54A 




P6KE68A 


4-7 


r0r\t:o4(uA 




DCI/CCQf* , A 
rOfxtuoL'A 


A 7 
4-/ 


PCI/CSS A 

roKtOoA 




PRl^PRQ A 
rOKPutJA 


A 7 


rOrVLooL-A 




rutvbuoL'A 


A 7 
4-/ 


PRUTS OA 
rOnto.UA 




PRWP7 RA 
rOIxPf .OA 


A 7 


rOrxPo.UL'A 




PRKF7 cf^A 


4-7 


PRKFfi C A 




PRKF7 5A 

rufxPf .OA 


4-7 


PRKFfi cpA 




PRKF7 RiTA 


4-7 






PRKF7 c iA 


4-7 


P5KE60CA 




P6KE75CA 


4-7 


P5KE64A 




P6KE75A 


4-7 


PRKFRiPA 




pCYP7RrA 
r Of\P 1 OOA 


4.7 


PCICP7 HA 




PfitfPR OA 
rOrVCO.tA 


A 7 


PRKP7 nr*A 




PCL/PQ O^A 


A 7 


Pm<F7 RA 
r Dr\C / .On 




PRl/pQ 1 A 

rorvpy. i a 


4-7 


pct/p7 cpA 




PRKFQ 1TA 


A 77 
I 


PRKP70A 
rurXC/ UA 




PRk'FROA 


A 7 


PRKF7nPA 
rurxC I UwA 




pCL/pOOpA 


A 7 


pci/p7CA 
rOr\P/ OA 




DfikTOI A 
rOrXPy 1 A 


A 7 
4-/ 


P5KE75CA 




P6KE91CA 


4-7 


P5KE78A 




P6KE91A 


4-7 


P5KE78CA 




P6KE91CA 


4-7 


P5KE8.0A 




P6KE10A 


4-7 


P5KE8.0CA 




P6KE10CA 


4-7 


P5KE8.5A 




P6KE10A 


4-7 


P5KE8.5CA 




P6KE10CA 


4-7 


P5KE85A 




P6KE100A 


4-7 



CF = consult factory representative 



industry 


motorola 


Motorola 




Dart 
ran 


Ulievl 


similar 




in urn uc! 




ncpidud i ici 1 1 


Number 






P6KE100CA 


4-7 


P5KF9 OA 




P6KE11A 

r vial i i n 


4-7 


P5KE9.0CA 




P6KE11CA 


4-7 


P5KE90A 




P6KE110A 


4-7 


P5KE90CA 




P6KE110CA 


4-7 


P6KE1 


P6KE10A 




4-7 


P6KE100 


P6KE100A 




4-7 


P6KE100A 


P6KE100A 




4-7 


P6KE100C 


P6KE100CA 




4-7 


P6KE100CA 


P6KE100CA 




4-7 


P6KE100CP 




P6KE100CA 


4-7 


P6KE100P 




P6KE100A 


4-7 


P6KE10A 


P6KE10A 




4-7 


P6KE10C 


P6KE10CA 




4-7 


P6KE1 OCA 


P6KE10CA 




4-7 


P6KE10CP 




P6KE10CA 


4-7 


P6KE10P 




P6KE10A 


4-7 


P6KE11 


P6KE11A 




4-7 


P6KE1 1 


P6KE110A 




4-7 


P6KE1 1 0A 

i vial i i un 


P6KE110A 




4-7 


PRKFunn 

rvi\L i i uu 






4-7 


prkfumpa 

root 1 1 Uvn 


PfiKFUflCA 




4-7 


P6KE110CP 




P6KE110CA 


4-7 


P6KE110P 




P6KE110A 


4-7 


PRKF11 A 

r Of\t 1 IA 


PRKF11 A 

l Ur\L- 1 1 A 




4-7 








4-7 


PBKE11CA 


r ur\ i_ i i \jn 




4-7 


PBKE11CP 




P6KE11CA 


4-7 


P6KE11P 




P6KE11A 


4-7 


P6KE12 


P6KE12A 




4-7 


P6KE120 


P6KE120A 




4-7 


P6KE120A 


P6KE120A 




4-7 


P6KE120C 


P6KE120CA 




4-7 


P6KE120CA 


P6KE120CA 




4-7 


P6KE120CP 




P6KE120CA 


4-7 


P6KE120P 

* ur\L. i cur 




P6KE120A 

r ut\Up i tun 


4-7 


P6KE12A 

1 Ur\L. } en 


P6KE12A 

rur\L i tn 




4-7 


P6KE12C 


P6KE12CA 

r urvi_ i tun 




4-7 


P6KE12CA 


P6KE12CA 




4-7 


PRKE12CP 




PGKE120A 

r uF\i_ i tvn 


4-7 


P6KE12P 




P6KE12A 

r ui\i_ i cry 


4-7 


P6KE13 


PRKFl'xA 
r Uf\t. i un 




4-7 


P6KE130 


P6KE130A 




4-7 


P6KE130A 


P6KE130A 




4-7 


P6KE130C 


P6KE130CA 




4-7 


P6KE130CA 


P6KE130CA 




4-7 


P6KE130CP 




P6KE130CA 


4-7 


P6KE130P 




P6KE130A 


4-7 


P6KE13A 


P6KE13A 




4-7 


P6KE13C 


P6KE13CA 




4-7 



Cross Reference and Index 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


motorola 




part 


uireci 


Qlmllar 

oimuar 


Pag© 


Number 


nepiacerneni 


nepiacerneni 


hi 1 1 m hpr 


PRKFI^A 


PfiKF-nCA 




4-7 


PfiKFI^PP 




PfiKFI^CA 


4-7 


P6KE13P 




P6KE13A 


4-7 


P6KE15 


P6KE15A 




4-7 


PfiKFI 5f) 

roi\C I UU 


P6KE150A 




4-7 


PfiKFI^nA 

rDr\C 1 OUA 


rOrxt. 1 OUA 




4-7 


prkfiw. 






4-7 


rOr\C 1 OUvA 


PfiKFI fiRPA 
ror\c i ouva 




4-7 


PRKFIfinCP 
ror\c i ouor 




PfiKFI 500A 


4-7 


PfiKFlSflP 

r ORB 1 JUr 




P6KE150A 


4-7 


PRKFIfiA 
rur\C I On 


PRKF1SA 
rOr\C 1 On 




4-7 




PfiKFI SCA 




4-7 


P6KE15CA 


P6KE15CA 




4-7 


P6KE15CP 




P6KE15CA 


4-7 


PRKFl^P 




PfiKFI 5A 
ror\t i jn 


4-7 


P6KE16 


PRKF1RA 
rur\c i on 




4-7 


PRKFIfin 
ror\c iou 


PRKF1 fiflA 
r DnC I OUA 




4-7 


PRKF1R0A 
ror\C luUA 


PRKF1RDA 
r Oi\C I OUA 




4-7 


PfiKFIfinf* 
r Of\C 1 OUV 


PfiKFI finP A 

r r\ C 1 OUvA 




4-7 


PRKFIfiflPA 


PfiKFI fiflCA 




4-7 


PfitfFlfinrP 




PfiKF1fi("lPA 
ruftC luUvA 


AJ7 
H'l 


PRU'FIRHP 
rurVC lOUr 




PRKFIfiflA 


A 7 
H~f 


P6KE16A 


P6KE16A 




4-7 


P6KE16C 


P6KE16CA 




4-7 


PfiKFIfiPA 
rOr\C luvA 


PfiKFI RPA 
rurxL IOUA 




4 7 


PfiKFIfiPP 
rOr\C IDvr 




PfiKFIfiPA 
rOr\E lovA 


A 7 


PRkFIRP 
rOr\C lor 




PfiKFIfiA 
roftE IDA 


A.7 

*W 


PRKF17fi 
r ur\C I / U 


PfiKFI 7rtA 
rOr\C I / UA 




4^7 


PRKF17HA 


PfiKFI 7f)A 
ror\c i / ua 




4-7 


PfiKF17fiC 


PfiKFI 70C.A 




4-7 


P6KF170CA 


P6KF17DCA 




4-7 


PfiKFI 7nOP 




PfiKFI 7flPA 
ror\c i / uon 


4-7 


P6KE170P 




P6KE170A 


4-7 


P6KE18 


P6KE18A 




4-7 


PfiKFI fin 


PfiKFI fiflA 
ror\C 1 OUA 




A 7 
H-f 


PfiKFI fiflA 
rOr\E 1 OUA 


rorSt 1 oUA 




A 7 


PfiKFI RHP 


PfiKFI finr A 




A 7 
H-f 


PfiKFI ftn^A 
ror\C lOUVA 


PfiKFI finf A 




A 7 
H-l 


PRkFifinfP 

rur\C 1 OUOr 




PfilfFI PAPA 


A 7 


rOr\C 1 OUT 




PfiKFI fifl A 
rOr\C IOUA 


A 7 
H~l 


PRKF1AA 
rur\t I on 


PRKF1AA 
rOr\C I OA 




A 7 


PfiKFIflP 


PRKF1APA 

rOr\C I OOA 




HI 


P6KE18CA 


P6KE18CA 




4-7 


P6KE18CP 




P6KE18CA 


4-7 


P6KE18P 




P6KE18A 


4-7 


P6KE20 


P6KE20A 




4-7 


P6KE200 


P6KE200A 




4-7 


P6KE200A 


P6KE200A 




4-7 


P6KE200C 


P6KE200CA 




4-7 


P6KE200CA 


P6KE200CA 




4-7 



CF = consult factory representative 



industry 


motorola 


MOIUI Ula 




Part 
rail 


Hi r Art 


Similar 

Ol 1 1 1 lid 1 


Page 






RpnlarAmpnt 


Number 


P6KE200CP 




P6KE200CA 


4-7 


P6KE200P 




P6KE200A 


4-7 


P6KE20A 


P6KE20A 




4-7 


P6KE20C 


P6KE20CA 




4-7 


P6KE20CA 


P6KE20CA 




4-7 


P6KE20CP 




P6KE20CA 


4-7 


P6KE20P 




P6KE20A 


4-7 


P6KE22 


P6KE22A 




4-7 


P6KE220CP 




1.5KE220CA 


4-17 


P6KE220P 




1.5KE220A 


4-17 


P6KE22A 


P6KE22A 




4-7 


P6KE22C 


P6KE22CA 




4-7 


P6KE22CA 


P6KE22CA 




4-7 


P6KE22CP 




P6KE22CA 


4-7 


P6KE22P 




P6KE22A 


4-7 


P6KE24 


P6KE24A 




4-7 


P6KE24A 


P6KE24A 




4-7 


P6KE24C 


P6KE24CA 




4-7 


P6KE24CA 


P6KE24CA 




4-7 


P6KE24CP 




P6KE24CA 


4-7 


P6KE24P 




P6KE24A 


4-7 


P6KE250CP 




1 .5KE250CA 


4-17 


P6KE250P 




1.5KE250A 


4-17 


P6KE27 


P6KE27A 




4-7 


P6KE27A 


P6KE27A 




4-7 


P6KE27C 


P6KE27CA 




4-7 


P6KE27CA 


P6KE27CA 




4-7 


P6KE27CP 




P6KE27CA 


4-7 


P6KE27P 




P6KE27A 


4-7 


P6KE30 


P6KE30A 




4-7 


P6KE30A 


P6KE30A 




4-7 


P6KE30C 


P6KE30CA 




4-7 


P6KE30CA 


P6KE30CA 




4-7 


P6KE30CP 




P6KE30CA 


4-7 


P6KE30P 




P6KE30A 


4-7 


P6KE33 


P6KE33A 




4-7 


P6KE33A 


P6KE33A 




4-7 


P6KE33C 


P6KE33C 




4-7 


P6KE33CA 


P6KE33CA 




4-7 


P6KE33CP 




P6KE33CA 


4-7 


P6KE33P 




P6KE33A 


4-7 


P6KE36 


P6KE36A 




4-7 


P6KE36A 


P6KE36A 




4-7 


P6KE36C 


P6KE36CA 




4-7 


P6KE36CA 


P6KE36CA 




4-7 


P6KE36CP 




P6KE36CA 


4-7 


P6KE36P 




P6KE36A 


4-7 


P6KE39 


P6KE39A 




4-7 


P6KE39A 


P6KE39A 




4-7 


P6KE39C 


P6KE39CA 




4-7 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-67 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


P6KE39CA 


P6KE39CA 




4-7 


P6KE39CP 




P6KE39CA 


4-7 


P6KE39P 




P6KE39A 


4-7 


P6KE43 


P6KE43A 




4-7 


P6KE43A 


P6KE43A 




4-7 


P6KE43C 


P6KE43CA 




4-7 


P6KE43CA 


P6KE43CA 




4-7 


P6KE43CP 




P6KE43CA 


4-7 


P6KE43P 




P6KE43A 


4-7 


P6KE47 


P6KE47A 




4-7 


P6KE47A 


P6KE47A 




4-7 


P6KE47C 


P6KE47CA 




4-7 


P6KE47CA 


P6KE47CA 




4-7 


P6KF47CP 




P6KE47CA 


4-7 


P6KE47P 




P6KE47A 


4-7 


P6KE51 


P6KE51A 




4-7 


P6KE51A 


P6KE51A 




4-7 


P6KE51C 


P6KE51CA 




4-7 


P6KE51CA 


P6KE51CA 




4-7 


P6KE51CP 




P6KE51CA 


4-7 


P6KE51P 




P6KE51A 


4-7 


P6KE56 


P6KE56A 




4-7 


P6KE56A 


P6KE56A 




4-7 








4-7 


P6KE56CA 


P6KE56CA 




4-7 


P6KE56CP 




P6KE56CA 


4-7 


P6KE56P 




P6KE56A 


4-7 


P6KE6.8 


P6KE6.8A 




4-7 


P6KE6.8A 


P6KE6.8A 




4-7 


P6KE6.8C 


P6KE6.8CA 




4-7 


P6KE6.8CA 


P6KE6.8CA 




4-7 


P6KE62 


P6KE62A 




4-7 


P6KE62A 


P6KE62A 




4-7 


P6KE62C 


P6KE62CA 




4-7 


P6KE62CA 


P6KE62CA 




4-7 


P6KE62CP 




P6KE62CA 


4-7 


P6KE62P 




P6KE62A 


4-7 


P6KE68 


P6KE68A 




4-7 


P6KE68A 


P6KE68A 




4-7 


P6KE68C 


P6KE68CA 




4-7 


P6KE68CA 


P6KE68CA 




4-7 


P6KE68CP 




P6KE68CA 


4-7 


P6KE68P 




P6KE68A 


4-7 


rOrvcOVOn 




DCUXfi OA 


4-7 


P6KE6V8CA 




P6KE6.8CA 


4-7 


P6KE6V8CP 




P6KE6.8CA 


4-7 


P6KE6V8P 




P6KE6.8A 


4-7 


P6KE7.5 


P6KE7.5A 




4-7 


P6KE7.5A 


P6KE7.5A 




4-7 


P6KE7.5C 


P6KE7.5CA 




4-7 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


P6KE7.5CA 


P6KE7.5CA 




4-7 


P6KE75 


P6KE75A 




4-7 


P6KE75A 


P6KE75A 




4-7 


P6KF75C 


P6KE75CA 




4-7 


P6KE75CA 


P6KE75CA 




4-7 


P6KE75CP 




P6KE75CA 


4-7 


P6KE75P 




P6KE75A 


4-7 


P6KE7V5A 




P6KE7.5A 


4-7 


P6KE7V5CA 




P6KE7.5CA 


4-7 


P6KE7V5CP 




P6KE7.5CA 


4-7 


P6KE7V5P 




P6KE7.5A 


4-7 


P6KE8.2 


P6KE8.2A 




4-7 


P6KE8.2A 


P6KE8.2A 




4-7 


P6KE8 2C 


P6KE8 2CA 




4-7 


P6KE8.2CA 


P6KE8.2CA 




4-7 


P6KE82 


P6KE82A 




4-7 


P6KE82A 


P6KE82A 




4-7 


P6KE82C 


P6KE82CA 




4-7 


P6KE82CA 


P6KE82CA 




4-7 


P6KE82CP 




P6KE82CA 


4-7 


P6KE82P 




P6KE82A 


4-7 


P6KE8V2A 




P6KE8.2A 


4-7 


P6KE8V2CA 




P6KE8.2CA 


4-7 


PfiKFRV?fP 






4-7 


P6KE8V2P 




P6KE8.2A 


4-7 


P6KE9.1 


P6KE9.1A 




4-7 


P6KE9.1A 


P6KE9.1A 




4-7 


P6KE9.1C 


P6KE9.1CA 




4-7 


P6KE9.1CA 


P6KE9.1CA 




4-7 


P6KE91 


P6KE91A 




4-7 


P6KE91A 


P6KE91A 




4-7 


P6KE91C 


P6KE91CA 




4-7 


P6KE91CA 


P6KE91CA 




4-7 


P6KE91CP 




P6KE91CA 


4-7 


P6KE91P 




P6KE91A 


4-7 


P6KE9V1A 




P6KE9.1A 


4-7 


P6KE9V1CA 




P6KE9.1CA 


4-7 


P6KE9V1CP 




P6KE9.1CA 


4-7 


P6KE9V1P 




P6KE9.1A 


4-7 


P6SMB1 00AT3 


P6SMB100AT3 




5-16 


P6SMB10AT3 


P6SMB10AT3 




5-16 


P6SMB110AT3 


P6SMB110AT3 




5-16 


P6SMB11AT3 


P6SMB11AT3 




5-16 


rOoMD 1 1 o 


DfiCMEU OOATQ 
rOoMol*:UAIO 




o-1 b 


P6SMB12AT3 


P6SMB12AT3 




5-16 


P6SMB130AT3 


P6SMB130AT3 




5-16 


P6SMB13AT3 


P6SMB13AT3 




5-16 


P6SMB150AT3 


P6SMB150AT3 




5-16 


P6SMB1 5AT3 


P6SMB15AT3 




5-16 


P6SMB160AT3 


P6SMB160AT3 




5-16 



Cross Reference and Index 
2-68 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



inouairy 


Motorola 
motorola 


mULUiUla 




Dart 

ran 


HiFArt 


Similar 

Olllilldl 


P396 


nurnocr 






Number 


P6SMB16AT3 


P6SMB16AT3 




5-16 


P6SMB170AT3 


P6SMB170AT3 




5-16 


P6SMB180AT3 


P6SMB180AT3 




5-16 


P6SMB18AT3 


P6SMB18AT3 




5-16 


P6SMB200AT3 


P6SMB200AT3 




5-16 


P6SMB20AT3 


P6SMB20AT3 




5-16 


P6SMB22AT3 


P6SMB22AT3 




5-16 


P6SMB24AT3 


P6SMB24AT3 




5-16 


P6SMB27AT3 


P6SMB27AT3 




5-16 


P6SMB30AT3 


P6SMB30AT3 




5-16 


P6SMB33AT3 


P6SMB33AT3 




5-16 


P6SMB36AT3 


P6SMB36AT3 




5-16 


P6SMB39AT3 


P6SMB39AT3 




5-16 


P6SMB43AT3 


P6SMB43AT3 




5-16 


P6SMB47AT3 


P6SMB47AT3 




5-16 


P6SMB51AT3 

i uoivil^o iniy 


P6SMB51AT3 




5-16 


P6SMB56AT3 


P6SMB56AT3 




5-16 


P6SMB6.8AT3 


P6SMB6.8AT3 




5-16 


roalvlDOtrt 1 


pcCIU|DeOATO 
rOOIVlDOto 1 




3^ ID 


P6SMB68AT3 


P6SMB68AT3 




5-16 


P6SMB7.5AT3 


P6SMB7.5AT3 




5-16 


P6SMB75AT3 


P6SMB75AT3 




5-16 


P6SMB8.2AT3 


P6SMB8.2AT3 




5-16 


P6SMB82AT3 


P6SMB82AT3 




5-16 


P6SMB9 1AT3 


P6SMB9 1AT3 




5-16 


P6SMB91AT3 


P6SMB91AT3 




5-16 


P7KE10 




1 N6275A 


4-17 


P7KE100 




1 N6299A 


4-17 


P7KE100C 

1 t \ \\— 1 \Jv\J 




1 5KE150CA 


4-17 


P7KE10C 




1.5KE15CA 


4-17 


P7KE25 




1 N6284A 


4-17 


P7KE25C 




1 .5KE36CA 


4-17 


P7KE43 




1N6289A 


4-17 


P7KE43C 




1.5KE56CA 


4-17 


P7T-10 




1 N6276A 


4-17 


P7T-10B 




1.5KE16CA 


4-17 


P7T-110 




1 N6299A 


4-17 


P7T-110B 




1 5KE1S0CA 


4-17 


P7T-27 




1 Nfi?fttA 

i iiutuun 


4-17 


P7T-27B 




1 5KE33CA 


4-17 


P7T-43 




1 N6290A 


4-17 


P7T-43B 




1 5KE62CA 


4-17 


PF8Z10 




1N6271A 


4-17 


PF8Z100 




1N6295A 


4-17 


PF8Z12 




1N6273A 


4-17 


PF8Z120 




1N6297A 


4-17 


PF8Z15 




1N6275A 


4-17 


PF8Z150 




1N6299A 


4-17 


PF8Z18 




1N6277A 


4-17 


PF8Z180 




1N6302A 


4-17 



CF = consult factory representative 



11 luuoii y 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 

IIUIIIUvl 


ReDlacement 


Replacement 


Number 


PF8Z22 




1N6279A 


4-17 


PF8Z27 




1N6281A 


4-17 


PF8Z33 




1N6283A 


4-17 


PF8Z39 




1N6285A 


4-17 


PF8Z47 




1N6287A 


4-17 


PF8Z56 




1N6289A 


4-17 


PF8Z62 




1N6290A 


4-17 


PF8Z68 




1N6291A 


4-17 


PF8Z6V8 




1N6267A 


4-17 


PF8Z82 




1N6293A 


4-17 


PF8Z8V2 




1N6269A 


4-17 


PFZ10 




1N6271A 


4-17 


PFZ100 




1N6295A 


4-17 


PFZ100A 




1N6295A 


4-17 


PFZ10A 




1N6271A 


4-17 


PFZ11 




1N6272A 


4-17 


PFZ110 




1N6296A 


4-17 


PFZ110A 




1N6296A 


4-17 


PFZ11A 




1N6272A 


4-17 


PFZ12 




1N6273A 


4-17 


PFZ120 




1N6297A 


4-17 


PFZ120A 




1N6297A 


4-17 


PFZ12A 




1N6273A 


4-17 


PFZ13 




1N6274A 


4-17 


PFZ130 




1N6298A 


4-17 


PFZ130A 




1N6298A 


4-17 


PFZ13A 




1N6274A 


4-17 


PFZ15 




1N6275A 


4-17 


PFZ150 




1N6299A 


4-17 


PFZ150A 




1N6299A 


4-17 


PFZ15A 




1N6275A 


4-17 


PFZ16 




1N6276A 


4-17 


PFZ160 




1N6300A 


4-17 


PFZ160A 




1N6300A 


4-17 


PFZ16A 




1N6276A 


4-17 


PFZ170 




1N6301A 


4-17 


PFZ170A 




1N6301A 


4-17 


PFZ18 




1N6277A 


4-17 


PFZ180 




1N6302A 


4-17 


PFZ180A 




1N6302A 


4-17 


PFZ18A 




1N6277A 


4-17 


PFZ20 




1N6278A 


4-17 


PFZ200 




1N6303A 


4-17 


PFZ200A 




1N6303A 


4-17 


PFZ20A 




1N6278A 


4-17 


PFZ22 




1N6279A 


4-17 


PFZ220 




1.5KE220A 


4-17 


PFZ220A 




1.5KE220A 


4-17 


PFZ22A 




1N6279A 


4-17 


PFZ24 




1N6280A 


4-17 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
2-69 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


PFZ24A 




1N6280A 


4-17 


PFZ250 




1.5KE250A 


4-17 


PFZ250A 




1.5KE250A 


4-17 


PFZ27 




1N6281A 


4-17 


PFZ27A 




1N6281A 


4-17 


PFZ30 




1N6282A 


4-17 


PFZ30A 




1N6282A 


4-17 


PFZ33 




1N6283A 


4-17 


PFZ33A 




1N6283A 


4-17 


PFZ36 




1N6284A 


4-17 


PFZ36A 




1N6284A 


4-17 


PFZ39 




1N6285A 


4-17 


PFZ39A 




1N6286A 


4-17 


PFZ43 




1 N6286A 


4-17 


PFZ43A 




1N6286A 


4-17 


PFZ47 




1N6287A 


4-17 


PFZ47A 




1N6287A 


4-17 


PFZ51 




1N6288A 


4-17 


PFZ51A 




1N6288A 


4-17 


PFZ56 




1N6289A 


4-17 


PFZ56A 




1N6289A 


4-17 


PFZ62 




1N6290A 


4-17 


PFZ62A 




1N6290A 


4-17 


PFZ68 






4-17 


PFZ68A 




1N6291A 


4-17 


PFZ6V8 




1N6267A 


4-17 


PFZ6V8A 




1N6267A 


4-17 


PFZ75 




1N6292A 


4-17 


PFZ75A 




1N6292A 


4-17 


PFZ7V5 




1N6268A 


4-17 


PFZ7V5A 




1N6268A 


4-17 


PFZ82 




1N6293A 


4-17 


PFZ82A 




1N6293A 


4-17 


PFZ8V2 






4-17 


PFZ8V2A 




1N6269A 


4-17 


PFZ91 




1N6294A 


4-17 


PFZ91A 




1N6294A 


4-17 


PFZ9V1 




1N6270A 


4-17 


PFZ9V1A 




1N6270A 


4-17 


PFZD10 




1.5KE10CA 


4-17 


PFZD100 




1.5KE100CA 


4-17 


PFZD12 




1.5KE12CA 


4-17 


PFZD120 




1.5KE120CA 


4-17 


DC7m £ 
rrcuio 




l.DKbloOA 


4-17 


PFZD150 




1.5KE150CA 


4-17 


PFZD18 




1.5KE18CA 


4-17 


PFZD180 




1.5KE180CA 


4-17 


PFZD22 




1.5KE22CA 


4-17 


PFZD27 




1.5KE27CA 


4-17 


PFZD33 




1.5KE33CA 


4-17 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


PFZD39 




1.5KE39CA 


4-17 


PFZD47 




1.5KE47CA 


4-17 


PFZD56 




1.5KE56CA 


4-17 


PFZD62 




1 .5KE62CA 


4-17 


PFZD68 




1.5KE68CA 


4-17 


PFZD6V8 




1.5KE6.8CA 


4-17 


PFZD82 




1.5KE82CA 


4-17 


PFZD8V2 




1.5KE8.2CA 


4-17 


PZD16 




1.5KE16CA 


4-17 


PZD160 




1.5KE160CA 


4-17 


PZD36 




1.5KE36CA 


4-17 


PZD62 




1.5KE62CA 


4-17 


SA10 


SA10A 




4-3 


SA100 


SA1Q0A 




4-3 


SA100A 


SA100A 




4-3 


SA100C 


SA100CA 




4-3 


SA100CA 


SA100CA 




4-3 


SA10A 


SA10A 




4-3 


SA10C 


SA10CA 




4-3 


SA10CA 


SA10CA 




4-3 


SA11 


SA11A 




4-3 


SA110 


SA110A 




4-3 


SA110A 


SA110A 




4-3 


SA110C 


SA110CA 




4-3 


SA110CA 


SA110CA 




4-3 


SA11A 


SA11A 




4-3 


SA11C 


SA11C 




4-3 


SA11CA 


SA11CA 




4-3 


SA12 


SA12A 




4-3 


SA120 


SA120A 




4-3 


SA120A 


SA120A 




4-3 


SA120C 


SA120CA 




4-3 


SA120CA 


SA120CA 




4-3 


SA12A 


SA12A 




4-3 


SA12C 


SA12CA 




4-3 


SA12CA 


SA12CA 




4-3 


SA13 


SA13A 




4-3 


SA130 


SA130A 




4-3 


SA130A 


SA130A 




4-3 


SA130C 


SA130CA 




4-3 


SA130CA 


SA130CA 




4-3 


SA13A 


SA13A 




4-3 


SA13C 


SA13CA 




4-3 


on 1 Oijn 


on lOOn 






SA14 


SA14A 




4-3 


SA14A 


SA14A 




4-3 


SA14C 


SA14CA 




4-3 


SA14CA 


SA14CA 




4-3 


SA15 


SA15A 




4-3 


SA150 


SA150A 




4-3 



Cross Reference and Index 
2-70 



Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


bAlOUA 


OAIOUA 




AO 
4-0 


bAI DUO 


bA 1 DUOA 




HO 


SA150CA 


SA150CA 




4-3 


SA15A 


SA15A 




4-3 


bA I DO 


bAlOOA 




A 1 
4-0 


bAlOOA 


bAI DOA 




A 1 


CA 1 R 


CA1RA 
bAI DA 






oAlDU 


QA1RDA 

OAl oua 




h-o 


O A 1 CAA 

bA IbUA 


C A i fiflA 
bA 1 DUA 




4"0 


bAibuO 


c a i cnr 1 a 
bA lOUOA 




4-0 


bAlbUOA 


c a 1 cnr* a 
bAI bUOA 




y| 
4-0 


SA16A 


SA16A 




4-0 


SA16C 


SA16CA 




4-3 


SA16CA 


SA16CA 




4-3 


SA17 


SA17A 




4-3 


SA170 


PAH 7nA 

bA 1 /UA 




4-0 


SA170A 


CAH 7nA 

oAl /OA 




4-0 


SA170C 


CAH A 

bA 1 7U0A 




4-0 


bA170OA 


CAH 7lV* A 

oAl /OoA 




A 1 

4-0 


SA17A 


SA17A 




A O 

4-0 


CA 

bAI /O 


O A17PA 

bAI / OA 




4-0 


OA17l"*A 

bAI /OA 


OA17PA 
bAI / OA 




4-0 


SA18 


SA18A 




4-3 


SA18A 


SA18A 




4-3 


SA18C 


SA18CA 




4-3 


SA18CA 


OAl or> A 

bAloOA 




4-3 


oAzU 


A1HA 
bAidUA 




4-0 


SA20A 


SA20A 




4-0 


bA2U0 


bAi^UOA 




4-o 


bA200A 


c a in/"* A 
bA20OA 




4-3 


SA22 


O ATI A 

bA22A 




4-3 


SA22A 


O All A 
bAif^A 




4-3 


SA22C 


SA22CA 




4-3 


SA22CA 


SA22CA 




4-3 


SA24 


SA24A 




4-3 


SA24A 


SA24A 




4-3 


SA24C 


SA24CA 




4-3 


SA24CA 


SA24CA 




4-3 


CAOfi 

bAzb 


bA^bA 




4-3 


OA OCA 

bA^OA 


SA26A 




4-3 


bAilbO 


bAi!bOA 




A t 
4-0 


bAZbOA 


O AOC^ A 

bAi:bOA 




4-3 


SA28 


SA28A 




4-3 


SA28A 


SA28A 




4-3 


SA28C 


SA28CA 




4-3 


SA28CA 


SA28CA 




4-3 


SA30 


SA30A 




4-3 


SA30A 


SA30A 




4-3 


SA30C 


SA30CA 




4-3 


SA30CA 


SA30CA 




4-3 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


oimiiar 


Page 


Number 


Replacement 


Replacement 


Kli imhar 

nun luttr 


OrtOO 






4-3 


SA33A 






4-3 


SA33C 


SA33CA 




4-3 


SA33CA 


SA33CA 




4-3 


SA36 


SA36A 




4-3 


°,A?fiA 

Onoufl 






4-3 


SA36C 


SA36CA 




4-3 


OAoerA 
oaouoa 






4-3 


OA4U 


SA40A 




4-3 


OA4UA 


SA40A 




4-3 


OA4UV-I 


oA^nrA 




4-3 


OA4UOA 


OA4UOA 




4-3 


SA43 


SA43A 




4-3 


SA43A 


SA43A 




4-3 


OA40O 


OA40OA 




AO 
H'O 




CAdlfA 
OA40L/A 




4-3 


CAA^ 
OM40 


OA40A 




4-3 


CAAE.A 
OA40A 


CA/l^A 
OA4DA 




AO 
H - 


OA40I./ 


OnlOun 




4-3 


OA40OA 


CAA^PA 

OA40L»A 




4-3 


SA48 


SA48A 




4-3 




SA48A 




4-3 


SA48C 


SA48CA 




4-3 


SA48CA 


SA48CA 




4-3 


OAO.U 


OAO.UA 




4-3 


^A^ DA 


^AS OA 




4-3 


OnO.Uu 






CF 


CAt; nrA 

OAO.UOA 






CF 


OAO I 


QAR1 A 
OAO I A 




4-3 


CAC1 A 
OAO I A 


CACH A 
OAO I A 




A ^ 


OAO I L/ 


CAPITA 
OAO 1 \jf\ 




H - 


QACH/^A 

OAO I OA 


CAPITA 
OAO 1 OA 




4 


SA54 


SA54A 




4-3 


SA54A 


SA54A 




4-3 


OA 

OA04O 


OA0*+OA 




AO 
H"0 


OA04OA 


OA 0** OA 




A *5 

H"0 


CARS 
OA00 


OA00A 




H-0 


OA00A 


OA00A 




4-0 


OAOOO 


OA^fifA 
OA00OA 




4 


CA^ftPA 
OAOOLiA 


OA00OA 




4.0 
4-0 


SA6 


°,Afi nA 




4-3 


car nA 


CAR flA 
OAO.UA 




A T 
4-0 


SA6.0C 


SA6.0CA 




4-3 


SA6.0CA 


SA6.0CA 




4-3 


SA6.5 


SA6.5A 




4-3 


SA6.5A 


SA6.5A 




4-3 


SA6.5C 


SA6.5CA 




4-3 


SA6.5CA 


SA6.5CA 




4-3 


SA60 


SA60A 




4-3 


SA60A 


SA60A 




4-3 



Motorola TVS/Zener Device Data 



Cross Reference and Index 
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CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SA60C 


SA60CA 




4-3 


SA60CA 


SA60CA 




4-3 


SA64 


SA64A 




4-3 


OnuHn 


Onu4n 






SA64C 


SA64CA 




4-3 


SA64CA 


SA64CA 




4-3 


SA7.0 


SA7.0A 




4-3 


SA7.0A 


SA7.0A 




4-3 


SA7.0C 


SA7.0CA 




4-3 


SA7.0CA 


SA7.0CA 




4-3 


SA7.5 


SA7.5A 




4-3 


SA7.5A 


SA7.5A 




4-3 


SA7.5C 


SA7.5CA 




4-3 


CA7 KfA 


QA7 GfM 




A 1 
4-0 


SA70 


SA70A 




4-3 


SA70A 


SA70A 




4-3 


SA70C 


SA70CA 




4-3 


SA70CA 


SA70CA 




4-3 


SA75 


SA75A 




4-3 


SA75A 


SA75A 




4-3 


SA75C 


SA75CA 




4-3 


SA75CA 


SA75CA 




4-3 


SA78 


SA78A 




4-3 


OA7DA 


SA78A 




4-3 


SA78C 


SA78CA 




4-3 


SA78CA 


SA78CA 




4-3 


SA8.0 


SA8.0A 




4-3 


SA8.0A 


SA8.0A 




4-3 


SA8.0C 


SA8.0CA 




4-3 


SA8.0CA 


SA8.0CA 




4-3 


SA8.5 


SA8.5A 




4-3 


SA8.5A 


SA8.5A 




4-3 


SA8.5C 


SA8.5CA 




4-3 


caq cr^A 
Ono.OUn 


CAR C^A 




4-3 


SA85 


SA85A 




4-3 


SA85A 


SA85A 




4-3 


SA85C 


SA85CA 




4-3 


SA85CA 


SA85CA 




4-3 


SA9.0 


SA9.0A 




4-3 


SA9.0A 


SA9.0A 




4-3 


SA9.0C 


SA9.0CA 




4-3 


SA9.0CA 


SA9.0CA 




4-3 


SA90 


SA90A 




4-3 


OA fin A 
bAyUA 


SA90A 




4-3 


SA90C 


SA90CA 




4-3 


SA90CA 


SA90CA 




4-3 


SAB10 




SA10A 


4-3 


SAB12 




SA12A 


4-3 


SAB15 




SA15A 


4-3 


SAB18 




SA18A 


4-3 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SAB24 




SA24A 


4-3 


SAB28 




SA28A 


4-3 


SAB5.0 




SA5.0A 


4-3 


DDL I U 




I \ 1 OA 


4-17 


SBL100 




1N6299A 


4-17 


SBL100C 




1.5KE150CA 


4-17 


SBL10C 




1.5KE16CA 


4-17 


SBL25 




1N6284A 


4-17 


SBL25C 




1.5KE36CA 


4-17 


SBL43 




1N6290A 


4-17 


SBL43C 




1.5KE62CA 


4-17 


SM15T10 




1.5SMC10AT3 


5-23 


SM15T10A 




1.5SMC10AT3 


5-23 


O IVl I f \C 




I .rjolvlL' I cr\ 1 




SM15T12A 




1.5SMC12AT3 


5-23 


SM15T15 




1.5SMC15AT3 


5-23 


SM15T15A 




1.5SMC15AT3 


5-23 


SM15T18 




1.5SMC18AT3 


5-23 


SM15T18A 




1.5SMC18AT3 


5-23 


SM15T22 




1.5SMC22AT3 


5-23 


SM15T22A 




1.5SMC22AT3 


5-23 


SM15T24 




1.5SMC24AT3 


5-23 


SM15T24A 




1.5SMC24AT3 


5-23 


oMlO 1 CI 








SM15T27A 




1.5SMC27AT3 


5-23 


SM15T30 




1.5SMC30AT3 


5-23 


SM15T30A 




1.5SMC30AT3 


5-23 


SM15T33 




1.5SMC33AT3 


5-23 


SM15T33A 




1.5SMC33AT3 


5-23 


SM15T36 




1.5SMC36AT3 


5-23 


SM15T36A 




1.5SMC36AT3 


5-23 


SM15T39 




1.5SMC39AT3 


5-23 


SM15T39A 




1.5SMC39AT3 


5-23 


OIVI 1 1 DO 




1 ^QMrRRAT^ 
I .golvluOOM I o 


O'Co 


SM15T68A 




1.5SMC68AT3 


5-23 


SM15T6V8 




1.5SMC6.8AT3 


5-23 


SM15T6V8A 




1.5SMC6.8AT3 


5-23 


SM15T7V5 




1.5SMC7.5AT3 


5-23 


SM15T7V5A 




1.5SMC7.5AT3 


5-23 


SM4T10 




P6SMB1 0AT3 


5-16 


SM4T100 




P6SMB1 00AT3 


5-16 


SM4T100A 




P6SMB100AT3 


5-16 


SM4T10A 




P6SMB10AT3 


5-16 


bM4 I M 




DOC* A TO 

P6SMB12AT3 


5-16 


SM4T12A 




P6SMB12AT3 


5-16 


SM4T15 




P6SMB15AT3 


5-16 


SM4T150 




P6SMB150AT3 


5-16 


SM4T150A 




P6SMB150AT3 


5-16 


SM4T15A 




P6SMB1 5AT3 


5-16 


SM4T18 




P6SMB1 8AT3 


5-16 



Cross Reference and Index 
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Motorola TVS/Zener Device Data 



CROSS-REFERENCE (continued) 



inausiry 


motorola 


Motor old 




Dart 
ran 


Hirort 

uireci 


oiniiidr 


ray a 




nepiacerneni 




Nnmhpr 


SM4T18A 




P6SMB18AT3 


5-16 


SM4T200 




P6SMB200AT3 


5-16 


SM4T200A 




P6SMB200AT3 


5-16 


SM4T22 




P6SMB22AT3 


5-16 


SM4T22A 




P6SMB22AT3 


5-16 


SM4T24 




P6SMB24AT3 


5-16 


SM4T24A 




P6SMB24AT3 


5-16 


SM4T27 




P6SMB27AT3 


5-16 


SM4T27A 




P6SMB27AT3 


5-16 


SM4T30 




P6SMB30AT3 


5-16 


SM4T30A 




P6SMB30AT3 


5-16 


SM4T33 




P6SMB33AT3 


5-16 


SM4T33A 




P6SMB33AT3 


5-16 


SM4T36 




P6SMB36AT3 


5-16 


SM4T36A 




P6SMB36AT3 


5-16 


SM4T39 




P6SMB39AT3 


5-16 


SM4T39A 




P6SMB39AT3 


5-16 


SM4T68 




P6SMB68AT3 


5-16 


SM4T68A 




P6SMB68AT3 


5-16 


SM4T6V8 




P6SMB6.8AT3 


5-16 


SM4T6V8A 




P6SMB6.8AT3 


5-16 


SM4T7V5 




P6SMB7.5AT3 


5-16 


SM4T7V5A 




P6SMB7.5AT3 


5-16 


SM6T10 




P6SMB10AT3 


5-16 


SM6T100 




P6SMB100AT3 


5-16 


SM6T100A 




P6SMB100AT3 


5-16 


SM6T10A 




P6SMB10AT3 


5-16 


SM6T12 




P6SMB12AT3 


5-16 


SM6T12A 




P6SMB12AT3 


5-16 


SM6T15 




P6SMB15AT3 


5-16 


SM6T150 




P6SMB1 50AT3 

I Wwl VI L-i i \J\Jr\ i \j 


5-16 


SM6T150A 




P6SMB150AT3 


5-16 


SM6T15A 




P6SMB1 5AT3 


5-16 


SM6T18 




P6SMB18AT3 


5-16 


SM6T18A 




P6SMB1 8AT3 


5-16 


SM6T200 




PfiSMR?f)ftA"n 


5-16 


SM6T2Q0A 






PR^UR^nftATI 

r UOlVlDCUUA I J 


5-16 


SM6T22 






PfiSMBPPAT^ 


5-16 


SM6T22A 








5-16 


SM6T24 






P6SMR24AT3 


5-16 


SM6T24A 




P6SMB24AT3 


5-16 


SM6T27 




P6SMB27AT3 


5-16 


SM6T27A 




P6SMB27AT3 


5-16 


SM6T30 




P6SMB30AT3 


5-16 


SM6T30A 




P6SMB30AT3 


5-16 


SM6T33 




P6SMB33AT3 


5-16 


SM6T33A 




P6SMB33AT3 


5-16 


SM6T36 




P6SMB36AT3 


5-16 


SM6T36A 




P6SMB36AT3 


5-16 


SM6T39 




P6SMB39AT3 


5~1 6 



In Hi ictru 

inuubir y 


nfiUlUlUld 


lYILf LUl Ul a 




Part 


Diroct 


Similar 

wl llll la 1 


Page 


HUM IUCI 


RonlArpmpnt 


Replacement 


Number 


SM6T39A 




P6SMB39AT3 


5-16 


SM6T68 




P6SMB68AT3 


5-16 


SM6T68A 




P6SMB68AT3 


5-16 


SM6T6V8 




P6SMB6.8AT3 


5-16 


SM6T6V8A 




P6SMB6.8AT3 


5-16 


SM6T7V5 




P6SMB7.5AT3 


5-16 


SM6T7V5A 




P6SMB7.5AT3 


5-16 


SMBJ10 


1SMB10AT3 




5-14 


SMBJ100 


1SMB100AT3 




5-14 


SMBJ100A 


1SMB100AT3 




5-14 


SMBJ10A 


1SMB10AT3 




5-14 


SMBJ11 


1SMB11AT3 




5-14 


SMBJ110 


1SMB110AT3 




5-14 


SMBJ110A 


1SMB110AT3 




5-14 


SMBJ11A 


1SMB11AT3 




5-14 


SMBJ12 


1SMB12AT3 




5-14 


SMBJ120 


1SMB120AT3 




5-14 


SMBJ120A 


1SMB120AT3 




5-14 


SMBJ12A 


1SMB12AT3 




5-14 


SMBJ13 


1SMB13AT3 




5-14 


SMBJ130 


1SMB130AT3 




5-14 


SMBJ130A 


1SMB130AT3 




5-14 


SMBJ13A 


1SMB13AT3 




5-14 


SMBJ14 


1SMB14AT3 




5-14 


SMBJ14A 


1SMB14AT3 




5-14 


SMBJ15 


1SMB15AT3 




5-14 


SMBJ150 


1SMB150AT3 




5-14 


SMBJ150A 


1SMB150AT3 




5-14 


SMBJ15A 


1SMB15AT3 




5-14 


SMBJ16 


1SMB16AT3 




5-14 


SMBJ160 


1SMB160AT3 




5-14 


SMBJ160A 


1SMB160AT3 




5-14 


SMBJ16A 


1SMB16AT3 




5-14 


SMBJ17 


1SMB17AT3 




5-14 


SMBJ170 


1SMB170AT3 




5-14 


SMBJ170A 


1SMB170AT3 




5-14 


SMBJ17A 


1SMB17AT3 




5-14 


SMBJ18 


1SMB18AT3 




5-14 


SMBJ18A 


1SMB18AT3 




5-14 


SMBJ20 


1 SMB20AT3 




5-14 


SMBJ20A 


1 SMB20AT3 




5-14 


SMBJ22 


1 SMB22AT3 




5-14 


SMBJ22A 


1SMB22AT3 




5-14 


SMBJ24 


1SMB24AT3 




5-14 


SMBJ24A 


1SMB24AT3 




5-14 


SMBJ26 


1 SMB26AT3 




5-14 


SMBJ26A 


1 SMB26AT3 




5-14 


SMBJ28 


1 SMB28AT3 




5-14 


SMBJ28A 


1SMB28AT3 




5-14 


SMBJ30 


1SMB30AT3 




5-14 



CF = consult factory representative 



Motorola TVS/Zener Device Data 
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CROSS-REFERENCE (continued) 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SMBJ30A 


1SMB30AT3 




5-14 


SMBJ33 


1SMB33AT3 




5-14 


SMBJ33A 


1 SMB33AT3 




5-14 


SMBJ36 


1SMB36AT3 




5-14 


SMBJ36A 


1 SMB36AT3 




5-14 


SMBJ40 


1SMB40AT3 




5-14 


SMBJ40A 


1SMB40AT3 




5-14 


SMBJ43 


1 SMB43AT3 




5-14 


SMBJ43A 


1SMB43AT3 




5-14 


SMBJ45 


1 SMB45AT3 




5-14 


SMBJ45A 


1 SMB45AT3 




5-14 


SMBJ48 


1SMB48AT3 




5-14 


SMBJ48A 


1 SMB48AT3 




5-14 


SMRJ5 


1SMB5 0AT3 




5-14 


SMBJ5.0A 


1SMB5.0AT3 




5-14 


SMBJ51 


1SMB51AT3 




5-14 


SMBJ51A 


1SMB51AT3 




5-14 


SMBJ54 


1 SMB54AT3 




5-14 


SMBJ54A 


1 SMB54AT3 




5-14 


SMBJ58 


1 SMB58AT3 




5-14 


SMBJ58A 


1SMB58AT3 




5-14 


SMBJ6.0 


1SMB6.0AT3 




5-14 


SMBJ6.0A 


1SMB6.0AT3 




5-14 


SMRJ6 5 


1 SMB6 5AT3 




5-14 


SMBJ6.5A 


1SMB6.5AT3 




5-14 


SMBJ60 


1 SMB60AT3 




5-14 


SMBJ60A 


1 SMB60AT3 




5-14 


SMBJ64 


1 SMB64AT3 




5-14 


SMBJ64A 


1 SMB64AT3 




5-14 


SMBJ7.0 


1SMB7.0AT3 




5-14 


SMBJ7.0A 


1SMB7.0AT3 




5-14 


SMBJ7.5 


1SMB7.5AT3 




5-14 


SMBJ7.5A 


1SMB7.5AT3 




5-14 


SMBJ70 


1SMB70AT3 




5-14 


SMBJ70A 


1 SMB70AT3 




5-14 


SMBJ75 


1 SMB75AT3 




5-14 


SMBJ75A 


1SMB75AT3 




5-14 


SMBJ78 


1 SMB78AT3 




5-14 


SMBJ78A 


1 SMB78AT3 




5-14 


SMBJ8.0 


1SMB8.0AT3 




5-14 


SMBJ8.0A 


1SMB8.0AT3 




5-14 


SMBJ8.5 


1SMB8.5AT3 




5-14 


SMBJ8.5A 


1SMB8.5AT3 




5-14 


SMBJ85 


1 SMB85AT3 




5-14 


SMBJ86A 


1SMB85AT3 




5-14 


SMBJ9.0 


1SMB9.0AT3 




5-14 


SMBJ9.0A 


1SMB9.0AT3 




5-14 


SMBJ90 


1 SMB90AT3 




5-14 


SMBJ90A 


1 SMB90AT3 




5-14 


SMCJ10 


1SMC10AT3 




5-22 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SMCJ10A 


1SMC10AT3 




5-22 


SMCJ11 


1SMC11AT3 




5-22 


SMCJ11A 


1SMC11AT3 




5-22 


SMCJ12 


1SMC12AT3 




5-22 


SMCJ12A 


1SMC12AT3 




5-22 


SMCJ13 


1SMC13AT3 




5-22 


SMCJ13A 


1SMC13AT3 




5-22 


SMCJ14 


1SMC14AT3 




5-22 


SMCJ14A 


1SMC14AT3 




5-22 


SMCJ15 


1SMC15AT3 




5-22 


SMCJ15A 


1SMC15AT3 




5-22 


SMCJ16 


1SMC16AT3 




5-22 


SMCJ16A 


1SMC16AT3 




5-22 


SMCJ17 


1SMC17AT3 




5-22 


SMCJ17A 


1SMC17AT3 




5-22 


SMCJ18 


1SMC18AT3 




5-22 


SMCJ18A 


1SMC18AT3 




5-22 


SMCJ20 


1SMC20AT3 




5-22 


SMCJ20A 


1 SMC20AT3 




5-22 


SMCJ22 


1 SMC22AT3 




5-22 


SMCJ22A 


1 SMC22AT3 




5-22 


SMCJ24 


1SMC24AT3 




5-22 


SMCJ24A 


1 SMC24AT3 




5-22 


SMCJ26 


1 SMC26AT3 




5-22 


SMCJ26A 


1 SMC26AT3 




5-22 


SMCJ28 


1 SMC28AT3 




5-22 


SMCJ28A 


1 SMC28AT3 




5-22 


SMCJ30 


1SMC30AT3 




5-22 


SMCJ30A 


1 SMC30AT3 




5-22 


SMCJ33 


1 SMC33AT3 




5-22 


SMCJ33A 


1SMC33AT3 




5-22 


SMCJ36 


1 SMC36AT3 




5-22 


SMCJ36A 


1 SMC36AT3 




5-22 


SMCJ40 


1 SMC40AT3 




5-22 


SMCJ40A 


1 SMC40AT3 




5-22 


SMCJ43 


1 SMC43AT3 




5-22 


SMCJ43A 


1 SMC43AT3 




5-22 


SMCJ45 


1 SMC45AT3 




5-22 


SMCJ45A 


1 SMC45AT3 




5-22 


SMCJ48 


1 SMC48AT3 




5-22 


SMCJ48A 


1 SMC48AT3 




5-22 


SMCJ5.0 


1SMC5.0AT3 




5-22 


SMCJ5.0A 


1SMC5.0AT3 




5-22 


SMCJ51 


1SMC51AT3 




5-22 


SMCJ51A 


1SMC51AT3 




5-22 


SMCJ54 


1 SMC54AT3 




5-22 


SMCJ54A 


1 SMC54AT3 




5-22 


SMCJ58 


1 SMC58AT3 




5-22 


SMCJ58A 


1 SMC58AT3 




5-22 


SMCJ6.0 


1SMC6.0AT3 




5-22 



Cross Reference and Index 
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inuUhiry 


mUlUiOld 


mUtUiUld 




Dart 

ran 


Di TGCt 


Similar 
oi ii 1 1 lor 


r aye 


Nn mhpr 
liUIIIUtl 


nc^iawci 1 1 ci 1 1 


Rpnlarpmpnt 


Number 


SMCJ6.0A 


1SMC6.0AT3 




5-22 


SMCJ6.5 


1 SMC6.5AT3 




5-22 


SMCJ6.5A 


1SMC6.5AT3 




5-22 


SMCJ60 


1 SMC60AT3 




5-22 


SMCJ60A 


1SMC60AT3 




5-22 


SMCJ64 


1SMC64AT3 




5-22 


SMCJ64A 


1SMC64AT3 




5-22 


SMCJ7.0 


1SMC7.0AT3 




5-22 


SMCJ7.0A 


1SMC7.0AT3 




5-22 


SMCJ7.5 


1SMC7.5AT3 




5-22 


SMCJ7.5A 


1SMC7.5AT3 




5-22 


SMCJ70 


1 SMC70AT3 




5-22 


SMCJ70A 


1 SMC70AT3 




5-22 


SMCJ75 


1SMC75AT3 




5-22 


SMCJ75A 


1 SMC75AT3 




5-22 


SMCJ78 


1SMC78AT3 




5-22 


SMCJ78A 


1SMC78AT3 




5-22 


SMCJ8.0 


1SMC8.0AT3 




5-22 


SMCJ8.0A 


1SMC8.0AT3 




5-22 


SMCJ8.5 


1 SMC8.5AT3 




5-22 


SMCJ8.5A 


1SMC8.5AT3 




5-22 


SMCJ9.0 


1 SMC9.0AT3 




5-22 


SMCJ9.0A 


1SMC9.0AT3 




5-22 


SMMJ10 




1SMC10AT3 


5-22 


SMMJ10A 




1SMC10AT3 


5-22 


SMMJ11 




1SMC11AT3 


5-22 


SMMJ11A 




1SMC11AT3 


5-22 


SMMJ12 




1SMC12AT3 


5-22 


SMMJ12A 




1SMC12AT3 


5-22 


SMMJ13 




1SMC13AT3 


5-22 


SMMJ13A 




1SMC13AT3 


5-22 


SMMJ14 




1 SMC1 4AT3 


5-22 


SMMJ14A 




1SMC14AT3 


5-22 


SMMJ15 




1SMC15AT3 


5-22 


SMMJ15A 




1 SMC1 5AT3 


5-22 


SMMJ16 




1 SMC1 6AT3 


5-22 


SMMJ16A 




1 SMC1 6AT3 


5-22 


SMMJ17 




1SMC17AT3 


5-22 


SMMJ17A 




1SMC17AT3 


5-22 


SMMJ18 




1SMC18AT3 


5-22 


SMMJ18A 




1SMC18AT3 


5-22 


SMMJ20 




1SMC20AT3 


5-22 


SMMJ20A 




1SMC20AT3 


5-22 


SMMJ22 




1 SMC22AT3 


5-22 


SMMJ22A 




1SMC22AT3 


5-22 


SMMJ24 




1SMC24AT3 


5-22 


SMMJ24A 




1 SMC24AT3 


5-22 


SMMJ26 




1 SMC26AT3 


5-22 


SMMJ26A 




1 SMC26AT3 


5-22 


SMMJ28 




1 SMC28AT3 


5-22 



CF = consult factory representative 



InriiiQtrv 

ii iuuoii y 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SMMJ28A 




1SMC28AT3 


5-22 


SMMJ30 




1SMC30AT3 


5-22 


SMMJ30A 




1SMC30AT3 


5-22 


SMMJ33 




1SMC33AT3 


5-22 


SMMJ33A 




1SMC33AT3 


5-22 


SMMJ36 




1SMC36AT3 


5-22 


SMMJ36A 




1 SMC36AT3 


5-22 


SMMJ40 




1SMC40AT3 


5-22 


SMMJ40A 




1SMC40AT3 


5-22 


SMMJ43 




1SMC43AT3 


5-22 


SMMJ43A 




1SMC43AT3 


5-22 


SMMJ45 




1SMC45AT3 


5-22 


SMMJ45A 




1SMC45AT3 


5-22 


SMMJ48 




1SMC48AT3 


5-22 


SMMJ48A 




1SMC48AT3 


5-22 


SMMJ5.0 




1SMC5.0AT3 


5-22 


SMMJ5.0A 




1SMC5.0AT3 


5-22 


SMMJ51 




1SMC51AT3 


5-22 


SMMJ51A 




1SMC51AT3 


5-22 


SMMJ54 




1SMC54AT3 


5-22 


SMMJ54A 




1SMC54AT3 


5-22 


SMMJ58 




1SMC58AT3 


5-22 


SMMJ58A 




1SMC58AT3 


5-22 


SMMJ6.0 




1SMC6.0AT3 


5-22 


SMMJ6.0A 




1SMC6.0AT3 


5-22 


SMMJ6.5 




1SMC6.5AT3 


5-22 


SMMJ6.5A 




1SMC6.5AT3 


5-22 


3MMJ60 




1 SMC60AT3 


5-22 


SMMJ60A 




1SMC60AT3 


5-22 


SMMJ64 




1SMC64AT3 


5-22 


SMMJ64A 




1 SMC64AT3 


5-22 


SMMJ7.0 




1SMC7.0AT3 


5-22 


SMMJ7.0A 




1SMC7.0AT3 


5-22 


SMMJ7.5 




1SMC7.5AT3 


5-22 


SMMJ7.5A 




1SMC7.5AT3 


5-22 


SMMJ70 




1 SMC70AT3 


5-22 


SMMJ70A 




1 SMC70AT3 


5-22 


SMMJ75 




1 SMC75AT3 


5-22 


SMMJ75A 




1SMC75AT3 


5-22 


SMMJ78 




1 SMC78AT3 


5-22 


SMMJ78A 




1 SMC78AT3 


5-22 


SMMJ8.0 




1SMC8.0AT3 


5-22 


SMMJ8.0A 




1SMC8.0AT3 


5-22 


SMMJ85 




1SMC8.5AT3 


5-22 


SMMJ8.5A 




1SMC8.5AT3 


5-22 


SMMJ9.0 




1SMC9.0AT3 


5-22 


SMMJ9.0A 




1SMC9.0AT3 


5-22 


SMSJ10 




1SMB10AT3 


5-14 


SMSJ100 




1SMB100AT3 


5-14 


SMSJ100A 




1SMB100AT3 


5-14 
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Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SMSJ10A 




1SMB10AT3 


5-14 


SMSJ11 




1SMB11AT3 


5-14 


SMSJ110 




1SMB110AT3 


5-14 


SMSJ110A 




1SMB110AT3 


5-14 


SMSJ11A 




1SMB11AT3 


5-14 


SMSJ12 




1SMB12AT3 


5-14 


SMSJ120 




1SMB120AT3 


5-14 


SMSJ120A 




1SMB120AT3 


5-14 


SMSJ12A 




1SMB12AT3 


5-14 


SMSJ13 




1SMB13AT3 


5-14 


SMSJ130 




1SMB130AT3 


5-14 


SMSJ130A 




1SMB130AT3 


5-14 


SMSJ13A 




1SMB13AT3 


5-14 


114 




19MR14ATC 


5-14 


SMSJ14A 




1SMB14AT3 


5-14 


SMSJ15 




1SMB15AT3 


5-14 


SMSJ150 




1SMB150AT3 


5-14 


SMSJ150A 




1SMB150AT3 


5-14 


SMSJ15A 




1SMB15AT3 


5-14 


SMSJ16 




1SMB16AT3 


5-14 


SMSJ160 




1SMB160AT3 


5-14 


SMSJ160A 




1SMB160AT3 


5-14 


SMSJ16A 




1SMB16AT3 


5-14 


SMS 117 

OIVIOJ 1 / 




1 CMR1 7AT1 


5-14 


SMSJ170 




1SMB170AT3 


5-14 


SMSJ170A 




1SMB170AT3 


5-14 


SMSJ17A 




1SMB17AT3 


5-14 


SMSJ18 




1SMB18AT3 


5-14 


SMSJ18A 




1SMB18AT3 


5-14 


SMSJ20 




1SMB20AT3 


5-14 


SMSJ20A 




1 SMB20AT3 


5-14 


SMSJ22 




1 SMB22AT3 


5-14 


SMSJ22A 




1 SMB22AT3 


5-14 


SMSJ24 




1 < !MB?4An 


5-14 


SMSJ24A 




1SMB24AT3 


5-14 


SMSJ26 




1 SMB26AT3 


5-14 


SMSJ26A 




1 SMB26AT3 


5-14 


SMSJ28 




1 SMB28AT3 


5-14 


SMSJ28A 




1 SMB28AT3 


5-14 


SMSJ30 




1 SMB30AT3 


5-14 


SMSJ30A 




1 SMB30AT3 


5-14 


SMSJ33 




1 SMB33AT3 


5-14 


SMSJ33A 




1SMB33AT3 


5-14 






1 ^MR^fiAT^ 


5-14 


SMSJ36A 




1 SMB36AT3 


5-14 


SMSJ40 




1 SMB40AT3 


5-14 


SMSJ40A 




1SMB40AT3 


5-14 


SMSJ43 




1SMB43AT3 


5-14 


SMSJ43A 




1 SMB43AT3 


5-14 


SMSJ45 




1SMB45AT3 


5-14 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SMSJ45A 




1SMB45AT3 


5-14 


SMSJ48 




1SMB48AT3 


5-14 


SMSJ48A 




1SMB48AT3 


5-14 


SMSJ5.0 




1SMB5.0AT3 


5-14 


SMSJ5.0A 




1SMB5.0AT3 


5-14 


SMSJ51 




1SMB51AT3 


5-14 


SMSJ51A 




1SMB51AT3 


5-14 


SMSJ54 




1SMB54AT3 


5-14 


SMSJ54A 




1SMB54AT3 


5-14 


SMSJ58 




1 SMB58AT3 


5-14 


SMSJ58A 




1SMB58AT3 


5-14 


SMSJ6.0 




1SMB6.0AT3 


5-14 


SMSJ6.0A 




1SMB6.0AT3 


5-14 


SMSJ6 5 




1SMB6 5AT3 


5-14 


SMSJ6.5A 




1SMB6.5AT3 


5-14 


SMSJ60 




1 SMB60AT3 


5-14 


SMSJ60A 




1SMB60AT3 


5-14 


SMSJ64 




1 SMB64AT3 


5-14 


SMSJ64A 




1 SMB64AT3 


5-14 


SMSJ7.0 




1SMB7.0AT3 


5-14 


SMSJ7.0A 




1SMB7.0AT3 


5-14 


SMSJ7.5 




1SMB7.5AT3 


5-14 


SMSJ7.5A 




1SMB7.5AT3 


5-14 


SMSJ70 




1SMB70AT3 


5-14 


SMSJ70A 




1SMB70AT3 


5-14 


SMSJ75 




1 SMB75AT3 


5-14 


SMSJ75A 




1 SMB75AT3 


5-14 


SMSJ78 




1 SMB78AT3 


5-14 


SMSJ78A 




1 SMB78AT3 


5-14 


SMSJ8.0 




1SMB8.0AT3 


5-14 


SMSJ8.0A 




1SMB8.0AT3 


5-14 


SMSJ8.5 




1SMB8.5AT3 


5-14 


SMSJ8.5A 




1SMB8.5AT3 


5-14 


SMSJ85 




1SMB85AT3 


5-14 


SMSJ85A 




1 SMB85AT3 


5-14 


SMSJ9.0 




1SMB9.0AT3 


5-14 


SMSJ9.0A 




1SMB9.0AT3 


5-14 


SMSJ90 




1SMB90AT3 


5-14 


SMSJ90A 




1SMB90AT3 


5-14 


SMZJ3789A 




1SMB5925BT3 


7-17 


SMZJ3789B 




1SMB5925BT3 


7-17 


SMZJ3790A 




1SMB5926BT3 


7-17 


SMZJ3790B 




1SMB5926BT3 


7-17 


SMZJ3791A 






7-17 


SMZJ3791B 




1SMB5927BT3 


7-17 


SMZJ3792A 




1SMB5928BT3 


7-17 


SMZJ3792B 




1SMB5928BT3 


7-17 


SMZJ3793A 




1SMB5929BT3 


7-18 


SMZJ3793B 




1SMB5929BT3 


7-18 


SMZJ3794A 




1SMB5930BT3 


7-18 
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Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SMZJ3794B 




1SMB5930BT3 


7-18 


SMZJ3795A 




1SMB5931BT3 


7-18 


SMZJ3795B 




1SMB5931BT3 


7-18 


SMZJ3796A 




1 SMB5932BT3 


7-18 


SMZJ3796B 




1SMB5932BT3 


7-18 


SMZJ3797A 




1SMB5933BT3 


7-18 


SMZJ3797B 




1SMB5933BT3 


7-18 


SMZJ3798A 




1SMB5934BT3 


7-18 


SMZJ3798B 




1SMB5934BT3 


7-18 


SMZJ3799A 




1SMB5935BT3 


7-18 


SMZJ3799B 




1SMB5935BT3 


7-18 


SMZJ3800A 




1SMB5936BT3 


7-18 


SMZJ3800B 




1SMB5936BT3 


7-18 


SMZJ3801A 




1SMB5937BT3 


7-18 


SMZJ3801B 




1SMB5937BT3 


7-18 


SMZJ3802A 




1SMB5938BT3 


7-18 


SMZJ3802B 




1SMB5938BT3 


7-18 


SMZJ3803A 




1SMB5939BT3 


7-18 


SMZJ3803B 




1SMB5939BT3 


7-18 


SMZJ3804A 




1SMB5940BT3 


7-18 


SMZJ3804B 




1SMB5940BT3 


7-18 


SMZJ3805A 




1SMB5941BT3 


7-18 


SMZJ3805A 




1SMB5941BT3 


7-18 


SMZJ3806A 




1SMB5942BT3 


7-18 


SMZJ3806B 




1SMB5942BT3 


7-18 


SMZJ3807A 




1SMB5943BT3 


7-18 


SMZJ3807B 




1SMB5943BT3 


7-18 


SMZJ3808A 




1SMB5944BT3 


7-18 


SMZJ3808B 




1SMB5944BT3 


7-18 


SMZJ3809A 




1SMB5945BT3 


7-18 


SMZJ3809B 




1SMB5945BT3 


7-18 


SMZJ5347A.B 




P6SMB10AT3 


5-16 


SMZJ5348A.B 




P6SMB11AT3 


5-16 


SMZJ5349A.B 




P6SMB12AT3 


5-16 


SMZJ5350A.B 




P6SMB13AT3 


5-16 


SMZJ5351A.B 




P6SMB15AT3 


5-16 


SMZJ5352A.B 




P6SMB15AT3 


5-16 


SMZJ5353A.B 




P6SMB16AT3 


5-16 


SMZJ5354A.B 




P6SMB18AT3 


5-16 


SMZJ5355A.B 




P6SMB18AT3 


5-16 


SMZJ5356A.B 




P6SMB20AT3 


5-16 


SMZJ5357A.B 




P6SMB20AT3 


5-16 


SMZJ5358A.B 




P6SMB22AT3 


5-16 


SMZJ5359A.B 




P6SMB24AT3 


5-16 


SMZJ5360A.B 




P6SMB27AT3 


5-16 


SMZJ5361A.B 




P6SMB27AT3 


5-16 


SMZJ5362A.B 




P6SMB30AT3 


5-16 


SMZJ5363A.B 




P6SMB30AT3 


5-16 


SMZJ5364A.B 




P6SMB33AT3 


5-16 


SMZJ5365A.B 




P6SMB36AT3 


5-16 



CF = consult factory representative 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


SMZJ5366A.B 




P6SMB39AT3 


5-16 


SMZJ5367A.B 




P6SMB43AT3 


5-16 


SMZJ5368A.B 




P6SMB47AT3 


5-16 


oMZJoobyA.b 




rboMbOlAlo 


0-1 D 


SMZJ5370A.B 




P6SMB56AT3 


5-16 


SMZJ5371A.B 




P6SMB62AT3 


5-16 


SMZJ5372A.B 




P6SMB62AT3 


5-16 


SMZJ5373A.B 




P6SMB68AT3 


5-16 


SMZJ5374A.B 




P6SMB75AT3 


5-16 


SOV10 




SA10A 


4-3 


S0V12 




SA12A 


4-3 


S0V15 




SA15A 


4-3 


S0V18 




SA18A 


4-3 


SOV24 




SA26A 


4-3 


SOV28 




SA28A 


4-3 


SOV5.0 




SA5.0A 


4-3 


TS-7 




1N5908 


4-16 


TVS305 




SA5.0A 


4-3 


TVS310 




SA10A 


4-3 


TVS312 




SA12A 


4-3 


TVS315 




SA15A 


4-3 


TVS318 




SA18A 


4-3 


TVS324 




SA24A 


4-3 


TVS328 




SA28A 


4-3 


TVS348 




SA48A 


4-3 


TVS360 




SA60A 


4-3 


TVS410 




SA100A 


4-3 


TVS505 




SA5.0A 


4-3 


TVS510 




SA10A 


4-3 


TVS512 




SA12A 


4-3 


TVS515 




SA15A 


4-3 


TVS518 




SA18A 


4-3 


TVS524 




SA24A 


4-3 


TVS528 




SA28A 


4-3 


ZPD10 


ZPD10RL 




6-16 


ZPD11 


ZPD11RL 




6-16 


ZPD12 


ZPD12RL 




6-16 


ZPD13 


ZPD13RL 




6-16 


ZPD15 


ZPD15RL 




6-16 


ZPD16 


ZPD16RL 




6-16 


ZPD18 


ZPD18RL 




6-16 


ZPD2.7 


ZPD2.7RL 




6-16 


ZPD20 


ZPD20RL 




6-16 


ZPD22 


ZPD22RL 




6-16 


ZPD24 


ZPD24RL 




6-16 


ZPD27 


ZPD27RL 




6-16 


ZPD3.0 


ZPD3.0RL 




6-16 


ZPD3.3 


ZPD3.3RL 




6-16 


ZPD3.6 


ZPD3.6RL 




6-16 


ZPD3.9 


ZPD3.9RL 




6-16 
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Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


ZPD30 


ZPD30RL 




6-16 


ZPD33 


ZPD33RL 




6-16 


ZPD4.3 


ZPD4.3RL 




6-16 


ZPD4.7 


ZPD4.7RL 




6-16 


ZPD5.1 


ZPD5.1RL 




6-16 


ZPD5.6 


ZPD5.6RL 




6-16 



Industry 


Motorola 


Motorola 




Part 


Direct 


Similar 


Page 


Number 


Replacement 


Replacement 


Number 


ZPD6.2 


ZPD6.2RL 




6-16 


ZPD6.8 


ZPD6.8RL 




6-16 


ZPD7.5 


ZPD7.5RL 




6-16 


ZPD8.2 


ZPD8.2RL 




6-16 


ZPD9.1 


ZPD9.1RL 




6-16 



CF = consult factory representative 



Cross Reference and Index 
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Section Three 




In Brief . . . 

Motorola's standard TVS (Transient Voltage Suppres- 
sors) and Zener diodes comprise the largest inventoried 
line in the industry. Continuous development of improved 
manufacturing techniques have resulted in computerized 
diffusion and test, as well as critical process controls 
learned from surface- sensitive MOS fabrication. Resultant 
high yields lower factory costs. Check the following features 
for application to your specific requirements: 

• Wide selection of package materials and styles: 

— Plastic (Surmetic) for low cost, mechanical 
ruggedness 

— Glass for high reliability, low cost 

— Surface Mount packages for state of the art designs 

• Power Ratings from 0.25 to 5.0 Watts 

• Breakdown voltages from 1.8 to 400 Volts in 
approximately 10% steps 

. TVS from 24 to 1 500 Watts and from 6.2 to 250 Volts 

• ESD protection devices 

• Available tolerances from 5% (low cost) to as tight as 1 % 
(critical applications) 

• Special selection of electrical characteristics available at 
low cost due to high-volume lines (check your Motorola 
sales representative for special quotations) 

• UL Recognition on many TVS device types 

• Tape and Reel options available on all axial leaded and 
surface mount types 
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TVS (Transient Voltage Suppressors) 

General-Purpose 



Transient Voltage Suppressors are designed for applications 
requiring protection of voltage sensitive electronic devices in 
danger of destruction by high energy voltage transients. Many 
of the zener voltage regulator diodes listed in the previous 
charts are in fact used in circuits as transient voltage 
suppressors. The purpose of this section is to present the 
families of Motorola Zeners that are specified with the key 
transient voltage suppressor parameters and limits, e.g., 
maximum clamping voltage at maximum surge current rating 
and working peak reverse (stand-off) voltage. 



Selection sequence: 

1 . Package type (axial or surface mount) 

2. Peak surge power expected for the application 

3. Working peak reverse stand-off voltage (or the breakdown 
voltage) 

4. Maximum reverse clamping voltage 

Consult the factory for special electrical selections if there is 
no standard device type available to fit the application. 



Axial Leaded for Through-hole Designs 

Table 1. Peak Power Dissipation^) (500 Watts @ 1 ms Surge - Figure 1) 



Case 59-04 — Mini Mosorb 



y 'rsm ■ 

|rsm _ 

/ CASE 59-04 (Mini Mosorb™) 
/ PLASTIC 
f Cathode = Polarity Band 


v Figure 1 


) 1 2 3 4 5 6 

Time — (ms) 
Surge Current Characterisitcs 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F = 3.5 V Max, If » 35 A Pulse 

(except bidirectional devices). 


Working Peak 
Reverse 
Voltage 

VRWM 
(Volts) 


Device! 4 ) 


Breakdown Voltage 


Maximum 
Reverse 
Leakage 

@VrwM 
|R(PA) 


Maximum 
Reverse Surge 
Current Irsm 

Figure 1 
(Amps) 


Maximum 
Reverse Voltage 

@'RSM 
(Clamping Voltage) 
VRSM (Volts) 


VBR 
(Volts) 


@lT 
Pulse 
(mA) 


Mln 


Max 


5 
6 

6.5 

7 


SAS.0A 
SA6.0A 

SA6.5A 
SA7.0A 


6.4 
6.67 
7.22 
7.78 


7 
7.37 
7.98 
8.6 


10 
10 
10 
10 


600 
600 
400 
150 


54.3 
48.5 
44.7 
41.7 


9.2 
10.3 
11.2 

12 


7.5 
8 

8.5 
9 


SA7.5A 
SA8.0A 
SA8.5A 
SA9.0A 


8.33 
8.89 
9.44 

10 


9.21 
9.83 
10.4 
11.1 




50 
25 
5 


38.8 
36.7 
34.7 
32.5 


12.9 
13.6 
14.4 
15.4 


10 
11 
12 
13 


SA10A 
SA11A 
SA12A 

SA13A 


11.1 
12.2 
13.3 
14.4 


12.3 
13.5 
14.7 
15.9 






29.4 
27.4 
25.1 
23.2 


17 
18.2 
19.9 
21.5 


14 
15 
16 
17 


SA14A 
SA15A 

SA16A 
SA17A 


15.6 
16.7 
17.8 
18.9 


17.2 
18.5 
19.7 
20.9 






21.5 
20.6 
195 
18.1 


23.2 
24.4 
26 
27.6 



(3) Steady state power dissipation - 3 watt max rating 

W) For bidirectional types use CA suffix, SA6.SCA, SA 12CA, SA 13CA and SA 15CA are Motorola preferred devices. 



Have cathode polarity band on each end. (Consult factory for availability). 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



TVS 

Axial Leaded for Through-hole Designs (continued) 

Table 1. Peak Power Dissipation (3) (500 Watts @ 1 ms Surge - Figure 1) 
Case 59-04 — Mini Mosorb (continued) 



ELECTRICAL CHARACTERISTICS (T A . 25°C unless otherwise noted) V F . 3.5 V Max, lp = 35 A Pulse 

(except bidirectional devices). 



Working Peak 




Breakdown Voltage 


Maximum 


Maximum 


Maximum 












Reverse 








Reverse 


Reverse Surge 


Reverse Voltage 


Voltage 




VBR 


O) It 


Leakage 


Current Irsm 


@|RSM 


Vrwm 




(Volts) 


Pulse 


©Vrwm 


Figure 1 


(Clamping Voltage) 


(Volts) 


DevlceH) 


Mln 


Max 


(mA) 


Ir(mA) 


(Amps) 


VRSM (Volts) 


18 


SA18A 


20 


22.1 


1 


1 


17.2 


29.2 


20 


SA20A 


22.2 


24.5 


1 


1 


15.4 


32.4 


22 


SA22A 


24.4 


26 9 




1 


14.1 


35.5 


24 


SA24A 








1 


12.8 


38.9 


26 


SA26A 


28.9 


31.9 


1 


1 


11.9 


42.1 


28 


SA28A 


31.1 


34.4 


1 


1 


11 


45.4 


30 


SA30A 


33.3 


36.8 


i 


1 


10.3 


48.4 


33 


SA33A 


36.7 


40.6 


1 


1 


9.4 


53.3 


36 


SA36A 


40 


44.2 


1 


1 


8.6 


58.1 


40 


SA40A 


44.4 


49.1 


1 


1 


7.8 


64.5 


43 


SA43A 


47.8 


52.8 


, 


1 


7.2 


69.4 


45 


SA45A 


50 


55.3 


1 


1 


6.9 


72.7 


48 


SA48A 


53.3 


58.9 




1 


6.5 


77.4 


51 


SA51A 


56.7 


62.7 




1 


6.1 


82.4 


54 


SA54A 


60 


66.3 


i 


1 


5.7 


87.1 


58 


SA58A 


64.4 


71.2 


1 


1 


5.3 


93.6 


60 


SA60A 


66.7 


73.7 


: 


1 


5.2 


96.8 


64 


SA64A 


71.1 


78.6 




1 


4.9 


103 


70 


SA70A 


77.8 


86 






4.4 


113 


75 


SA75A 


83.3 


92.1 






4.1 


121 


78 


SA78A 


86.7 


95.8 






4 


126 


85 


SA85A 


94.4 


104 






3.6 


137 


90 


SA90A 


100 


111 






3.4 


146 


100 


SA100A 


111 


123 






3.1 


162 


110 


SA110A 


122 


135 






2.8 


177 


120 


SA120A 


133 


147 






2.5 


193 


130 


SA130A 


144 


159 






2.4 


209 


150 


SA150A 


167 


185 






2.1 


243 


160 


SA160A 


178 


197 






1.9 


259 


170 


SA170A 


189 


209 






1.8 


275 



(3) Steady state power dissipation . 3 watt max rating 

(") For bidirectional types use CA suffix. SA 18CA and SA24CA are Motorola preferred devices. 
Have cathode polarity band on each end. (Consult factory for availability). 



Devices listed in bold, italic are Motorola preferred devices. 



Motorola TVS/Zener Device Data 
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'RSM 

'asm 

2 




v Figure 1 










) 1 2 3 4 5 


6 




y/ CASE 17 
f PLASTIC 
^ Cathode = Polarity Band 




Time—*- (ms) 
Surge Current Characterisitcs 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) Vp « 3.5 V Max, lp = 50 A Pulse 






except bidirectional devices). 






Breakdown 












Voltage(6) 




Working Peak 


Maximum 


Maximum 


Maximum 


VBR 
(Volts) 


@lT 
Pulse 

fmAl 

imAj 




Reverse 
Voltage 

v rwm 

(Volts) 


Reverse 
Leakage 
@VRWM 
IR(HA) 




Reverse Surge 
Current Irsm 

Figure 1 

(Amps) 


Reverse Voltage 

@|RSM 
(Clamping Voltage) 
VRSM (Volts) 




Devlcef 4 . 7 > 




6.8 


10 


P6KE6.8A 


5.8 


1000 


57 


10.5 


7.5 


10 


P6KE7.5A 


6.4 


500 


53 


11.3 


8.2 


10 


P6KE8.2A 


7.02 


200 


50 


12.1 


9.1 


1 


P6KE9.1 A 


7.78 


50 


45 


13.4 


10 


1 


P6KE10A 


8.55 


10 


41 


14.5 


11 


1 


P6KE11A 


9.4 


5 


38 


15.6 


12 


1 


P6KE12A 


10.2 


5 


36 


16.7 


1 o 




P6KE13A 


11.1 


5 


33 


18.2 


15 


1 


P6KE15A 


12.8 


5 


28 


21.2 


16 


1 


P6KE16A 


13.6 


5 


27 


22.5 


18 


1 


P6KE18A 


15.3 


5 


24 


25.2 


20 


1 


P6KE20A 


17.1 


5 


22 


27.7 


22 


1 


P6KE22A 


18.8 


5 


20 


30.6 


24 


1 


P6KE24A 


20.5 


5 


18 


33.2 


£.1 




P6KE27A 


23.1 


5 


16 


37.5 


30 




P6KE30A 


25.6 


5 


14.4 


41.4 


33 




P6KE33A 


28.2 


5 


13.2 


45.7 


36 




P6KE36A 


30.8 


5 


12 


49.9 


39 




P6KE39A 


33.3 


5 


11.2 


53.9 


43 




P6KE43A 


36.8 


5 


10.1 


59.3 


47 




P6KE47A 


40.2 


5 


9.3 


64.8 


51 




P6KE51A 


43.6 


5 


8.6 


70.1 


56 




P6KE56A 


47.8 


5 


7.8 


77 


62 




P6KE62A 


53 


5 


7.1 


85 


68 




P6KE68A 


58.1 


5 


6.5 


92 


75 




P6KE75A 


64.1 


5 


5.8 


103 


82 




P6KE82A 


70.1 


5 


5.3 


113 


91 




P6KE91A 


77.8 


5 


4.8 


125 


100 




P6KE100A 


85.5 


5 


4.4 


137 


110 




P6KE110A 


94 


5 


4 


152 


120 




P6KE120A 


102 


5 


3.6 


165 


130 




P6KE130A 


111 


5 


3.3 


179 



(4) For bidirectional types use CA suffix, P6KE7.5CA and P6KE11CA are Motorola preferred devices. 



Have cathode polarity band on each end. (Consult factory tor availability). 

( 5 ) Steady state power dissipation . 5 watt max rating. 

( 6 ) Breakdown voltage tolerance is ± 5% tor A suffix. 

(7) UL recognition for classification of protectors (QVGV2) under the UL standard for safety 497B and file #E1 1 61 1 for entire series including CA suffixes. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



TVS 

Axial Leaded for Through-hole Designs (continued) 

Table 2. Peak Power Dissipation^) (600 Watts @ 1 ms Surge - Figure 1) 



Case 17 — Surmetic 40 (continued) 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F = 3.5 V Max, lp = 50 A Pulse 

(except bidirectional devices). 


Breakdown 
Voltagef 6 ) 


Device! 4 . 7) 


Working Peak 
Reverse 
Voltage 

Vrwm 
(Volts) 


Maximum 
Reverse 
Leakage 

©Vrwm 
lR(uA) 


Maximum 
Reverse Surge 

Current Irsm 
Figure 1 
(Amps) 


Maximum 
Reverse Voltage 

@'rsm 
(Clamping Voltage) 
Vrsm (Volts) 


VBR 

(Volts) 


@lT 
Pulse 
(mA) 


Norn 


150 




P6KE150A 


128 


5 


2.9 


207 


160 




P6KE160A 


136 


5 


2.7 


219 


170 




P6KE170A 


145 


5 


2.6 


234 


180 




P6KE180A 


154 


5 


2.4 


246 


200 




P6KE200A 


171 


5 


2.2 


274 



( 4 ) For bidirectional types use CA suffix. Have cathode polarity band on each end. (Consult factory for availability). 

(5) steady state power dissipation - 5 watt max rating. 

(6) Breakdown voltage tolerance is +5% for A suffix. 

< 7 > UL recognition for classification of protectors (QVGV2) under the UL standard for safety 497B and file #£116110 for entire series including CA suffixes. 



Devices listed in bold, italic are Motorola preferred devices. 
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TVS 

Axial Leaded for Through-hole Designs (continued) 

Table 3. Peak Power Dissipation^) (1500 WATTS @ 1 ms Surge - Figure 1) 



Case 41 A — Mosorb 













iRi 




Figure 1 














•ft 


M .\. 

> TX, 
■ 




















1 2 3 4 5 


6 








/ CASE 41 A 




















// PLASTIC 








Time— »• (ms) 










✓ Cathode = Polarity Band 






Surge Current Characterisitcs 




ELECTRICAL CHARACTERISTICS OA - 25°C unless otherwise noted) V F = 3.5 V Max, l F = 100 A Pulse) 








(C suffix denotes standard back to back bidirectional versions. Test both polarities) 


















Clamping Voltage! 9 ) 
















Maximum 












Breakdown 




Maximum 


Reverse 






Maximum 






Voltage 




Reverse 


Voltage (g> 


Peak Pulse 


Peak Pulse 


Reverse 










Maximum 


Surge 


Irsm 


UUI Iwlll \*f 


Oiirrunt (3) 


Stand-Off 










Reverse 


Current 


(Clamping 


Ipp1 = 1 A 


lpp 2 = 10A 


Voltage 






V B R 


@lT 


Leakage 


Figure 1 


Voltage) 


Figure 1 


Figure 1 


VRWM 


JEDECt 8 ) 




Volts 


Pulse 


@ VrwM 


iRSM 


VRSM 


VC1 


VC2 


(Volts) 


Device 


Device! 8 ) 


Mln 


(mA) 


Ir(uA) 


(Volts) 


(Volts) 


(Volts max) 


(Volts max) 


5 


1N5908 




6 




300 


120 


8.5 


7.6 @ 30 A 


8 @ 60 A 


5 


1N6373 


ICTE-SIMPJE-5 


6 




300 


160 


9.4 


7.1 


7.5 


8 


1 N6374 


ICTE-8/MPTE-8 


9.4 




25 


100 


15 


11.3 


11.5 


8 


1 N6382 


ICTE-8C/MPTE-8C 


9.4 




25 


100 


15 


11.4 


11.6 


10 


1 N6375 


ICTE-10/MPTE-10 


11.7 




2 


90 


16.7 


13.7 


14.1 


10 


1 N6383 


ICTE-10C/MPTE-10C 


11.7 




2 


90 


16.7 


14.1 


14.5 


12 


1 N6376 


ICTE-12/MPTE-12 


14.1 




2 


70 


21.2 


16.1 


16.5 


12 


1N6384 


ICTE-12C/MPTE-12C 


14.1 




2 


70 


21.2 


16.7 


17.1 


15 


1 N6377 


ICTE-15/MPTE-15 


17.6 




2 


60 


25 


20.1 


20.6 


15 


1 N6385 


ICTE-1 5C/MPTE-1 5C 


17.6 




2 


60 


25 


20.8 


21.4 


18 


1 N6378 


ICTE-1 8/MPTE-1 8 


21.2 




2 


50 


30 


24.2 


25.2 


18 


1N6386 


ICTE-1 8C/MPTE-18C 


21.2 




2 


50 


30 


24.8 


25.5 


22 


1N6379 


ICTE-22/MPTE-22 


25.9 




2 


40 


37.5 


29.8 


32 


22 


1N6387 


ICTE-22C/MPTE-22C 


25.9 




2 


40 


37.5 


30.8 


32 


36 


1N6380 


ICTE-36/MPTE-36 


42.4 




2 


23 


65.2 


50.6 


54.3 


36 


1N6388 


ICTE-36C/MPTE-36C 


42.4 




2 


23 


65.2 


50.6 


54.3 


45 


1N6381 


ICTE^t5/MPTE-45 


52.9 




2 


19 


78.9 


63.3 


70 


45 


1N6389 


ICTE-45C/MPTE-45C 


52.9 




2 


19 


78.9 


63.3 


70 



< 5 ) Steady state power dissipation - 5 watts max rating. 

< 8 ) 1 N6382 thru 1 N6389 and C suffix ICTE/MPTE device types are bidirectional. Have cathode polarity band on each end. All other device types are unidirectional 



only. (Consult factory for availability) 
< 9 ) Clamping voltage peak pulse currents for 1 N5908 are 30 Amps and 60 Amps. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



TVS 

Axial Leaded for Through-hole Designs (continued) 



Table 4. Peak Power Dissipation^) (1500 Watts @ 1 ms Surge - Figure 1) 
Case 41 A -Mosorb 




Figure 1 



CASE 41 A 
PLASTIC 
Cathode = Polarity Band 




1 2 3 4 5 6 
Time— »■ (ms) 
Surge Current Characterisitcs 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F = 3.5 V Max, If - 100 A Pulse 















Maximum 


Breakdown Voltagel«> 










Maximum 


Reverse 












Reverse 












Working 






Voltage 


Vbr 








reak 


Maximum 


Surge 


@'rsm 








Reverse 


Reverse 


Current 


(Clamping 


Volts 


(3) It 






Voltage 


Leakage 


Figure 1 


Voltage) 




Pulse 


JEDEC 




V RWM 


@ Vrwm 


! RSM 


VRSM 


Nom 


(mA) 


Device 


Device!™.") 


(Volts) 


lR(uA) 


(Amps) 


(Volts) 


6.8 


10 


1N6267A 


1.5KE6.8A 


5.8 


1000 


143 


10.5 


7.5 


10 


1N6268A 


1.5KE7.5A 


6.4 


500 


132 


11.3 


8.2 


10 


1N6269A 


1.5KE8.2A 


7.02 


200 


124 


12.1 


9.1 


1 


1N6270A 


1.5KE9.1A 


7.78 


50 


112 


13.4 


10 


1 


1N6271A 


1.5KE10A 


8.55 


10 


103 


14.5 


11 


1 


1N6272A 


1.5KE11A 


9.4 


5 


96 


15.6 


12 


1 


1N6273A 


1.5KE12A 


10.2 


5 


90 


16.7 


13 


1 


1N6274A 


1.5KE13A 


11.1 


5 


82 


18.2 


15 


1 


1N627SA 


1.5KE15A 


12.8 


5 


71 


21.2 


16 


1 


1N6276A 


1.5KE16A 


13.6 


5 


67 


22.5 


18 


1 


1N6277A 


1.5KE18A 


15.3 


5 


59.5 


25.2 


20 




1N6278A 


1.5KE20A 


17.1 


5 


54 


27.7 


22 




1N6279A 


1.5KE22A 


18.8 


5 


49 


30.6 


24 




1N62B0A 


1.5KE24A 


20.5 


5 


45 


33.2 


27 




1N6281A 


1.5KE27A 


23.1 


5 


40 


37.5 


30 




1N6282A 


1 .5KE30A 


25.6 


5 


36 


41.4 


33 




1N6283A 


1 .5KE33A 


28.2 


5 


33 


45.7 


36 




1N6284A 


1 .5KE36A 


30.8 


5 


30 


49.9 


39 




1N6285A 


1.5KE39A 


33.3 


5 


28 


53.9 


43 




1 N6286A 


1 .5KE43A 


36.8 


5 


25.3 


59.3 


47 




1N6287A 


1.5KE47A 


40.2 


5 


23.2 


64.8 


51 




1N6283A 


1.5KE51A 


43.6 


5 


21.4 


70.1 


56 




1N6289A 


1.5KE56A 


47.8 


5 


19.5 


77 


62 




1N6290A 


1.5KE62A 


53 


5 


17.7 


85 


68 




1N6291A 


1.5KE68A 


58.1 


5 


16.3 


92 


75 




1 N6292A 


1.5KE75A 


64.1 


5 


14.6 


103 


82 




1N6293A 


1.5KE82A 


70.1 


5 


13.3 


113 


91 




1N6294A 


1.5KE91A 


77.8 


5 


12 


125 


100 




1N6295A 


1.5KE100A 


85.5 


5 


11 


137 


110 




1N6296A 


1.5KE110A 


94 


5 


9.9 


152 


120 




1N6297A 


1.5KE120A 


102 


5 


9.1 


165 


130 




1N6298A 


1.5KE130A 


111 


5 


8.4 


179 



(5) Steady state power dissipation - 5 watts max rating. 

(6) Breakdown voltage tolerance is +5% for A suffix. 

( 1 °) For bidirectional types use CA suffix on 1 .5KE series only. Have cathode polarity band on each end. (Consult factory for availability) 

1 N6267-6303A series do not have CA option since the CA is not included in EIA Registration. 
( 1 1 ) UL recognition for classification of protectors (QVGV2) under the UL standard for safety 497B and lile #E1 1 61 1 for 1 .5KE6.8A.CA thru 1 .5KE250A.CA. 



Devices listed in bold, italic are Motorola preferred devices. 



Motorola TVS/Zener Device Data 
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TVS 

Axial Leaded for Through-hole Designs (continued) 



Table 4. Peak Power Dissipation^) (1500 Watts @ 1 ms Surge - Figure 1) 

Case 41 A - Mosorb (continued) 



ELECTRICAL CHARACTERISTICS (T A - 25°C unless other 


wise noted) V F = 3.5 V Max, l F . 100 A Pulse 




Breakdown Voltage! 6 ) 


JEDEC 
Device 


Device"".") 


Working 

Peak 
Reverse 
Voltage 

Vrwm 
(Volts) 


Maximum 
Reverse 
Leakage 

@VRWM 
|R(HA) 


Maximum 
Reverse 
Surge 
Current 
Figure 1 

IRSM 
(Amps) 


Maximum 
Reverse 
Voltage 

@'RSM 

fClamolno 
(viqi i urn iu 

Voltage) 
vrsm 

(Volts) 


Vbr 

Volts 


@lT 
Pulse 
(mA) 


Norn 


150 




1N6299A 


1.5KE150A 


128 


5 


7.2 


207 


160 




1N6300A 


1.5KE160A 


136 


5 


6.8 


219 


170 




1N6301A 


1.5KE170A 


145 


5 


6.4 


234 


180 




1N6302A 


1.5KE180A 


154 


5 


6.1 


246 


200 




1N6303A 


1.5KE200A 


171 


5 


5.5 


274 


220 






1.5KE220A 


185 


[6 


4.6 


328 


250 






1.5KE250A 


214 


5 


5 


344 



(5) Steady state power dissipation - 5 watts max rating. 

( 6 ) Breakdown voltage tolerance is ±5% tor A suffix. 

(1 0) For bidirectional types use CA suffix. Have cathode polarity band on each end. (Consult factory for availability). 
1 N6267-6303A series do not have CA option since the CA is not included in El A Registration. 

( 1 1 ) UL recognition for classification of protectors (QVGV2) under the UL. standard for safety 497B and file #E1 1611 for 1 .5KE6.8A.CA thru 1 .5KE250A.CA. 




Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



TVS 

Surface Mount Packages 



Table 5. Peak Power Dissipation (40 Watts @ 1 ms Surge - Figure 1)(28) 
Case 318-07 — Common Cathode 

MMBZ15VDLT1 (12) — S0T-23 Dual Monolithic Common Cathode Bipolar Zener (for ESD protection) 



$Sat Plnout: TERMINAL 1 —ANODE RSM 
.//\fifii TERMINAL 2 — ANODE l RS M 
3^ TERMINAL 3 -COMMON CATHODE — - 

CASE 318-07, STYLE 9 1 ° H 

TO-236AB ,v 3 

LOW PROFILE SOT-23 2 ° WT 1 

PLASTIC 


Figure 1 

• — 

I — i — i — i — i 

) 1 2 3 4 5 6 

Time— «► (ms) 
Surge Current Charactensitcs 


ELECTRICAL CHARACTERISTICS (T A - 2 5°C unless otherwise noted) 
BIDIRECTIONAL (Circuit tied to pins 1 and 2) 


Breakdown Voltage 


Working Peak 
Reverse Voltage 

VRWM 

(Volts) 


Maximum Reverse 
Leakage Current 
IRWM 
IR (nA) 


Maximum Reverse 
Surge Current 

I RSM 
(Amps) 


Maximum Reverse 
Voltage @ Irms 
(Clamping Voltage) 

V RSM 
(Volts) 


Maximum 
Temperature 
Coefficient 
0fV BR 

(mV/°C) 


V B R< 14 > 
(Volts 


@lT 
(mA) 


Mln 


Norn 


Max 


14.3 


15 


15.8 


1.0 


12.8 


100 


1.9 


21.2 


12 



Table 6. Peak Power Dissipation (24 Watts @ 1 ms Surge - Figure 1)( 28 ) 
Case 318-07 — Common Anode 

MMBZ5V6ALT1(12) — SOT-23 Dual Monolithic Common Anode Zener (for ESD Protection) 





Figure 1 



CASE 318-07, STYLE 12 

TO-236AB 
LOW PROFILE SOT-23 
PLASTIC 




PIN 1. CATHODE 

2. CATHODE 

3. COMMON ANODE 



1 2 3 4 5 6 

Time— 1>- (ms) 
Surge Current Characterisit.es 



ELECTRICAL CHARACTERISTICS (Ja = 25-C unless otherwise noted) 
UNIDIRECTIONAL (Circuit tied to pins 1 and 3 or Pins 2 and 3) (Vp = 0.9 V Max @ lp = 10 mA) 











Max Reverse 
















Breakdown Voltage 


Leakage 
Current 


Max Zener Ir 


ipodano 


.(21) 


Max 
Reverse 


Max 
Reverse 
Voltage @ 

>RSM 
(Clamping 
Voltage) 
VrsmW 


Maximum 
Temperature 
Coefficient 

OtV B R 

(mV/°C) 


V BR (14) 
(Volts) 


@lT 


IR <a 
(uA) 


» Vr 
00 


ZZT @ IZT 
(OA) (mA) 


ZZK i 

<n) 


9 "ZK 
(mA) 


Surge 
Current 
|RSM< 4 > 
(A) 


Mln 


Norn 


Max 


(mA) 


5.32 


5.6 


5.88 


20 


5.0 


3.0 


11 


1600 


0.25 


3.0 


8.0 


1.26 



2 ) T1 suffix designates tape and reel of 3000 units. 

04) Vbp measured at pulse test current lj at an ambient temperature of 25°C. 

< 21 ' Zzj and Zzk are measured by dividing the AC voltage drop across the device by the AC current supplied. 

The specified limits are iz(AC) - 0.1 lz(DC)' wi,h A0 frequency = 1 kHz. 
< 2e > Other voltages may be available upon request. Contact your Motorola representative. 



Devices listed in bold, italic are Motorola preferred devices. 



Motorola TVS/Zener Device Data 
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TVS 

Surface Mount Packages (continued) 



Table 7. TVS SA Series Through-hole to SMB Series Surface Mount Packages 



Peak Pulse 
Power Rating at 1 ms 


500 W 


600 W 


Application 


Through-hole 


Surface Mount 


Series 


SA 




1 SMB 




Package 


Case 59-04 


Case 403A 




Polarity 


UNI 


Bl 




UNI 


Bl 




Reverse 


Maximum 














Stand-Off 
Voltage 
(29) 


Clamping 
Voltage 

@lnp 
V C Volts 






Mavlmiirri Daa L- 
lYlcl AllllUlll rodR 

Piilca Currant 






Maximum Peak 
Pulse Current 


Vr Volts 


Part Number 


Part Number 


Inn Aitids 


Part Number 


Part Number 


Ipp Amps 


5 


9.2 


SA5.0A 




54.3 


1SMB5.0AT3 




65.2 


6 


10.3 


SA6.0A 


SA6.0CA 


48.5 


1SMB6.0AT3 




58.3 


6.5 


11.2 


OnO.Dn 


CAR CPA 


44 7 


1 QMRfi SAT'} 
I OIVI DO. On 1 O 




53.6 


7 


12 


QA7 flA 


QA7 nr*A 

On 1 .UL<H 


41 7 


1 QMR7 OATT 
I OlvlD/ .Un i O 




50.0 


7.5 


12.9 




CA 7 Kf*A 


*} A fl 


1 QMR7 RAT'} 
I OIVID/ .On 1 O 




46.5 


8 


13.6 


c AQ n.A 


q ao nPA 


36 7 


i oiviDo.un i o 




AA 1 


8.5 


14.4 


SA8.5A 


SA8.5CA 


34.7 


1SMB8.5AT3 




41.7 


9 


15.4 


QAQ OA 


QAQ fiPA 
OHa.UOH 


32 5 


1 QMRQ DAT^ 

I OIVlD3.Un I O 




39.0 


10 


17 


QA1 DA 
OH I UH 


qai nr*A 

On I Uvn 


9Q A 


1 QMR1 DATI 
I OIVID I Un I O 


I oivid I u\jn I o 


35.3 


11 


18.2 


SA11A 


C A 11 PA 
On I I un 


27 4 


1 QMR11 AT"} 
I OIVID I InIO 


I OIVID I I Utt 1 O 


33 


12 


19.2 


SA12A 


QA19PA 
On I £\jr\ 


25 1 


1 QMR19AT'} 
I OIVID 1 c.r\ 1 O 


1 OIVI O 1 ^\jr\ 1 O 




13 


21.5 


SA13A 


SA 13C A 


23.2 


1SMB13AT3 


1SMB13CAT3 


27.9 


14 


23.2 


QA1 AA 
On I **H 


QA1 APA 
On I tun 




1 QMR1 A AT 1 } 
1 olvlD 1 fn 1 O 


I OIVID I tun I o 


25.8 


15 


24.4 


CA ICA 


SA 15CA 


20 6 


1 QMRISAT'} 
1 OIVID 1 On 1 O 




24 


16 


26 


SA16A 


q ai rpa 
On I DOM 


19 2 


1 QMR1RAT'} 
I OlvlD I On I O 


I OlvlD I own i o 


23.1 


17 


27.6 


SA17A 


QA 1 7PA 
OH I / 


18 1 


1 QMRiyATT 
1 OIVID 1 /HI O 


I OIVID I / 1 O 


Ol 7 


18 


29.2 


SA18A 


SA18CA 


17.2 


1SMB18AT3 


1SMB18CAT3 


20.5 


20 


32.4 


SA20A 


OntUOn 


15 4 


1 ^MRPO-AT*} 
I OWIDtUn I O 


1 ^MRPnP.ATT 
i oivi u£uvjn i o 


18.5 


22 


35.5 


SA22A 


Onttljn 


14 1 




1 ^MRPPPAT'} 
I OIVID^^^jnl O 


16.9 


24 


38.9 


SA24A 




12 8 


1 Q MRP A AT*} 

I OIVIDitHn I o 


1 QMRPAHATI 


15.4 


26 


42.1 


SA26A 


QA9RPA 
Ont Ovn 


11 9 


1 ciMRPRATI 

I OIVIDtLOA I O 


1 QMRPRPAT'} 
i oivi Di.oun i o 


AA O 
\"r.£. 


28 


45.4 


SA28A 


SA28CA 


11 


1 SMB28AT3 


1 SMB28CAT3 


13.2 


30 


48.4 


SA30A 


SA30CA 


10.3 


1 SMB30AT3 


1 SMB30CAT3 


12.4 


33 


53.3 


SA33A 


SA33CA 


9.4 


1 SMB33AT3 


1 SMB33CAT3 


11.3 


36 


58.1 


SA36A 


SA36CA 


8.6 


1 SMB36AT3 


1SMB36CAT3 


10.3 


40 


64.5 


SA40A 


SA40CA 


7.8 


1 SMB40AT3 


1 SMB40CAT3 


9.3 


43 


69.4 


SA43A 


SA43CA 


7.2 


1 SMB43AT3 


1SMB43CAT3 


8.6 


45 


72.7 


SA45A 


SA45CA 


6.9 


1 SMB45AT3 


1 SMB45CAT3 


8.3 


48 


77.4 


SA48A 


SA48CA 


6.5 


1 SMB48AT3 


1 SMB48CAT3 


7.7 


51 


82.4 


SA51A 


SA51CA 


6.1 


1SMB51AT3 


1 SMB51 CAT3 


7.3 


54 


87.1 


SA54A 


SA54CA 


5.7 


1 SMB54AT3 


1 SMB54CAT3 


6.9 


58 


93.6 


SA58A 


SA58CA 


5.3 


1SMB58AT3 


1 SMB58CAT3 


6.4 


60 


96.8 


SA60A 


SA60CA 


5.2 


1 SMB60AT3 


1 SMB60CAT3 


6.2 


64 


103 


SA64A 


SA64CA 


4.9 


1 SMB64AT3 


1 SMB64CAT3 


5.8 


70 


113 


SA70A 


SA70CA 


4.4 


1 SMB70AT3 


1 SMB70CAT3 


5.3 


75 


121 


SA75A 


SA75CA 


4.1 


1 SMB75AT3 


1SMB75CAT3 


4.9 



< 29 ) A transient suppressor is normally selected according to the reverse "Stand Off Voltage" (V R ) which should be equal to or greater than the DC or continuous 



peak operating voltage level. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



TVS 

Surface Mount Packages (continued) 

Table 7. TVS SA Series Through-hole to SMB Series Surface Mount Packages (continued) 



Peak Pulse 
Power Rating at 1 ms 



500 W 



600 W 



Application 



Through-hole 



Surface Mount 



Series 



SA 



1 SMB 



Package 



Case 59-04 



Case 403A 



Polarity 



UNI 



Bl 



UNI 



Bl 



Reverse 
Stand-Off 
Voltage 

(29) 
V R Volts 



Maximum 
Clamping 
Voltage 



Vofts 



Part Number 



Part Number 



Maximum Peak 
Pulse Current 

■pp' 



Amps 


Part Number 


4.0 


1SMB78AT3 


3.6 


1SMB85AT3 


3.4 


1SMB90AT3 


3.1 


1SMB100AT3 


2.8 


1SMB110AT3 


2 


1SMB120AT3 


2.4 


1SMB130AT3 


2.1 


1SMB150AT3 


1.9 


1SMB160AT3 


1.8 


1SMB170AT3 



Part Number 



Maximum Peak 
Pulse Current 
Ipp Amps 



78 
85 
90 
100 
110 

120 
130 
150 
160 
170 



126 
137 
146 
162 
177 

193 
209 
243 
259 
275 



SA78A 


SA78CA 


SA85A 


SA85CA 


SA90A 


SA90CA 


SA100A 


SA100CA 


SA110A 


SA110CA 


SA120A 


SA120CA 


SA130A 


SA130CA 


SA150A 


SA150CA 


SA160A 


SA160CA 


SA170A 


SA170CA 



1 SMB78CAT3 



4.7 
4.4 
4.1 
3.7 
3.4 

3.1 
2.9 
2.5 
2.3 
2.2 



< 29 ) A transient suppressor is normally selected according to the reverse "Stand Off Voltage" (Vr) which should be equal to or greater than the DC or continuous 
peak operating voltage level. 



Devices listed in bold, italic are Motorola preferred devices. 



Motorola TVS/Zener Device Data 
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TVS 

Surface Mount Packages (continued) 



Table 8. TVS P6KE Series Through-hole to P6SMB Series Surface Mount Packages 



Peak Pulse 
Power Rating at 1 ms 


600 W 




600 W 




Application 


Through-hole 


Surface Mount 


Series 


P6KE 


P6SMB 


Package 


Case 17 


Case 403A 


Polarity 


UNI 


Bl 




UNI 


Bl 




Reverse 


Maximum 














Stand-Off 
Voltage 
(29) 


Clamping 
Voltage 

@lnn 
Vq Volts 






Maximum roalv 

Di ilc a f^iirrant 
ruioo vui i oi 1 1 






Maximum Peak 
Pulse Current 


Vp Volts 


Dart KInmhAr 
rail mumiuoi 


Part hliimhnr 


|_ _ Amos 
Dp ' "H J 


Part Number 


Part Number 


Ipp Amps 


5.8 


10.5 


PSKE6.8A 


P6KE6.8CA 


57 


P6SMB6.8AT3 




57 


6.4 


11.3 


DCU'PT CA 

rbr\L/ .OA 


rorxt/ .OLiA 


DO 


rOOinD/ .OA 1 v 




53 


7.02 


12.1 


rbrxLO.^A 


rDr\to.^L/A 


ran 


PfiQMRA 9AT0 




50 


7.78 


13.4 


PCWCQ 1 A 


Dfii/EQ 1 r*A 
rDrVty.UjA 


no 


PfiQMRQ -1 ATO 
rOOlVIDy. 1 A 1 O 




45 


8.55 


14.5 


HbKblUA 


rbKt I UGA 


41 


r'OOMtf 7 si A 1 3 




4 1 


9.4 


15.6 


P6KE11A 


P6KE11CA 


38 


P6SMB11AT3 


P6SMB11CAT3 


38 


10.2 


16.7 


DCl/Cl OA 


rbfttl ^GA 


OA 


PRQMR1 OATQ 


PRQMR10PATQ. 


36 


11.1 


18.2 


rbKbloA 


rbrvhloL/A 


33 


rOOMDlJA 1 J 


PRChitRI Qf"*ATQ 
rooMD 1 OUA 1 O 


33 


12.8 


21.2 


BGWE4 KA 


Dei/el cri a 


28 


OACIIO SKA T1 

POOmO 7 OA I 3 


DAGUR * Elf* A T1 


OR 


13.6 


22.5 


rorvfclbA 


dc tec i cr*A 
rbrxtlboA 


OT 


rOOATD 7 O/l / J 


rooMD 1 DUn 1 O 


97 


15.3 


25.2 


P6KE18A 


P6KE18CA 




P6SMB18AT3 


P6SMB18CAT3 




17.1 


27.7 


DRI/OnA 

rbr\L^UA 


rorxt^UOA 


22 




PPQMROn^ATQ 
rOorVlP^UOAl O 


OO 


18.8 


30.6 


□Rl^COO A 


rbr\t££L'A 


on 


r*OOmDicicA 1 J 


PROMROOfATQ. 
rDoMD^^OAl O 


on 


20.5 


33.2 


rbr\t^4A 


PCVCO/1 

ror\t.£40A 


1 n 
I a 


PRQMR94 ATT 
r0oPVlDt:4AI O 


PfiOMRO/ir'AT'} 
rOolVIDt £ H_/AI o 


18 


23.1 


37.7 


PCVP07A 


Dfik'P97r , A 

ror\t£/OA 


I D 


rOOmOic/ A 1 tf 


P«PMRC7r i ATT 
r DorVlDt / OA 1 O 


16 


25.6 


41.4 


P6KE30A 


P6KE30CA 


14.4 


P6SMB30AT3 


P6SMB30CAT3 


14.4 


28.2 


45.7 


□Cl/COO A 

FbKtoJA 


rbrxbooUA 


13.2 


DACUD "JO A TO 

PooMa33A 1 3 


pc c K I Door att 
rboivlbooL'AI o 


1 3.2 


30.8 


49.9 


DC L/TZOC' A 

FbKbobA 


rbrxbobOA 


12 


HobMo3oA 1 3 


P C C M D Q C f" 1 A TO 

rborVitJJbL/A I o 


12 


33.3 


53.9 


DCU'CQQ A 

rbfttjyA 


rbKLoyoA 


11.2 


Dftcma'iQAT'3 
r'OOftToOfi'/l 7 *J 


DfiCJjimQPATQ 
rDorviDjyL'AI o 


1 1 o 


36.8 


59.3 


rbr\t4oA 


rbKb4oOA 


10.1 


□ROMD.ytQ.ATQ. 

rboMb4oAI J 


rooivlD4oL/A I o 


1 n 1 


40.2 


64.8 


P6KE47A 


P6KE47CA 


9.3 


P6SMB47AT3 


P6SMB47CAT3 


9.3 


43.6 


70.1 


rbKbbl A 


□C^CC1 OA 

rbKbO 1 OA 


8.6 




rboMbol I O 


8.6 


47.8 


77 


P6KE56A 


P6KE56CA 


7.8 


P6SMB56AT3 


P6SMB56CAT3 


7.8 


53 


85 


P6KE62A 


P6KE62CA 


7.1 


P6SMB62AT3 


P6SMB62CAT3 


7.1 


58.1 


92 


P6KE68A 


P6KE68CA 


6.5 


P6SMB68AT3 


P6SMB68CAT3 


6.5 


64.1 


103 


P6KE75A 


P6KE75CA 


5.8 


P6SMB75AT3 


P6SMB75CAT3 


5.8 


70.1 


113 


P6KE82A 


P6KE82CA 


5.3 


P6SMB82AT3 


P6SMB82CAT3 


5.3 


77.8 


125 


P6KE91A 


P6KE91CA 


4.8 


P6SMB91 AT3 


P6SMB91CAT3 


4.8 


85.5 


137 


P6KE100A 


P6KE100CA 


4.4 


P6SMB100AT3 




4.4 


94 


152 


P6KE110A 


P6KE1 1 0CA 


4 


P6SMB110AT3 




4 


102 


165 


P6KE120A 


P6KE120CA 


3.6 


P6SMB120AT3 




3.6 


111 


179 


P6KE130A 


P6KE130CA 


3.3 


P6SMB130AT3 




3.3 


128 


207 


P6KE150A 


P6KE150CA 


2.9 


P6SMB150AT3 




2.9 


136 


219 


P6KE160A 


P6KE1 60CA 


2.7 


P6SMB160AT3 




2.7 


145 


234 


P6KE170A 


P6KE170CA 


2.6 


P6SMB170AT3 




2.6 


154 


246 


P6KE180A 


P6KE180CA 


2.4 


P6SMB180AT3 




2.4 


171 


274 


P6KE200A 


P6KE200CA 


2.2 


P6SMB200AT3 




2.2 



( 29 ) A transient suppressor is normally selected according to the reverse "Stand Off Voltage" (V R ) which should be equal to or greater than the DC or continuous 
peak operating voltage level. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



TVS 

Surface Mount Packages (continued) 



Table 9. TVS 1N6267A and 1.5KE Series Through-hole to 1.5SMC Series Surface Mount 
Packages 



Peak Pulse 
Power Rating at 1 ms 


1500 W 


Application 


Through-hole 


Surface Mount 


Series 


1N6267A 


1.5KE 


1.5SMC 


Package 


Case 41 A 


Case 403A 


Polarity 


UNI 


Bl 


UNI 




Reverse 
Stand-Off 
Voltage 

(29) 
V R Volts 


Maximum 
Clamping 

Voltage 
@lpp 

Vc Volts 


JEDEC 
Part Number 


Part Number 


Part Number 


Part Number 


Maximum Peak 
Pulse Current 
Ipp Amps 


5.8 
6.4 
7.02 
7.78 


10.5 
11.3 
12.1 
13.4 


1N6267A 

1 N6268A 
1 N6269A 
1N6270A 


1.5KE6.8A(31) 
1 .5KE7.5A 
1.5KE8.2A 
1.5KE9.1A 


1.5KE6.8CA 

1.5KE8.2CA 
1.5KE9.1CA 


1.5SMC6.8AT3 

I .CJOIVIO / -OA I O 

1.5SMC8.2AT3 
1.5SMC9.1AT3 


143 
1 io 

124 
112 


8.55 
9.4 
10.2 
11.1 
12.8 


14.5 
15.6 
16.7 
18.2 
21.2 


1N6271A 
1N6272A 
1N6273A 
1N6274A 
1N627SA 


1.5KE10A 
1.5KE11A 
1.5KE12A 
1.5KE13A 
1.5KE15A 


1.5KE10CA 
1.5KE11CA 

1.5KE13CA 
1.5KE15CA 


1.5SMC10AT3 
1.5SMC11AT3 

1 CCll>if"*1 O ATT 

1.5SMC13AT3 
1.SSMC1SAT3 


103 
96 

on 
yu 

82 

71 


13.6 
15.3 
17.1 
18.8 
20.5 


22.5 
25.2 
27.7 
30.6 
33.2 


1N6276A 
1N6277A 
1N6278A 
1N6279A 
1N6280A 


1.5KE16A 
1.5KE18A 
1.5KE20A 
1.SKE22A 
1 .5KE24A 


1.5KE16CA 
1.5KE18CA 

1.5KE22CA 
1.5KE24CA 


1.5SMC16AT3 
1.5SMC18AT3 
1 .bbML'-eUAl o 

1.5SMC22AT3 
1.5SMC24AT3 


67 
59.5 
54 
49 
45 


23.1 
25.6 
28.2 
30.8 
33 3 


37.7 
41.4 

49.9 
53 9 


1N6281A 
1N62B2A 
1N6283A 

1N6284A 


1.5KE27A 
1.5KE30A 
1.5KE33A 
1.5KE36A 

1 GWFIOA 
1 .Dl\C.JHM 


1.5KE27CA 
1.5KE30CA 

1 CI^CIQi^A 

\ .OftfcooOA 
1.SKE36CA 

1.5KE39CA 


1 -5SMC27AT3 
1 .5SMC30AT3 
I .doiVHjOoAI o 
1.5SMC36AT3 
1.5SMC39AT3 


40 
36 
33 
30 
28 


36.8 
40.2 
43.6 
47.8 
53 


59.3 
64.8 
70.1 
77 
85 


1N6286A 
1N6287A 
1N6288A 
1N6289A 
1N6290A 


1.5KE43A 
1 .5KE47A 
1.5KE51A 
1.5KE56A 
1.5KE62A 


1 .5KE43CA 
1 .5KE47CA 
1.5KE51CA 
1 .5KE56CA 
1.5KE62CA 


1.5SMC43AT3 
1.5SMC47AT3 

1.5SMC51AT3 
1.5SMC56AT3 
1.5SMC62AT3 


25.3 
23.2 
21.4 
19.5 
17.7 


58.1 
64.1 
70.1 
77.8 
85.5 


92 
103 
113 
125 
137 


1N6291A 
1 N6292A 
1 N6293A 
1N6294A 
1N6295A 


1 .5KE68A 
1 .5KE75A 
1 .5KE82A 
1.5KE91A 
1.5KE100A 


1 .5KE68CA 
1 .5KE75CA 
1 .5KE82CA 
1.5KE91CA 
1.5KE100CA 


1.5SMC68AT3 
1.5SMC75AT3 
1 .5SMC82AT3 
1.5SMC91AT3 


16.3 
14.6 
13.3 

12 

11 


94 
102 
111 
128 
136 


152 
165 
179 
207 
219 


1N6296A 
1N6297A 
1N6298A 
1N6299A 
1N6300A 


1.5KE110A 
1.5KE120A 
1.5KE130A 
1.5KE150A 
1.5KE160A 


1.5KE110CA 
1.5KE120CA 
1.5KE130CA 
1.5KE150CA 
1.5KE160CA 




9.9 
9.1 
8.4 
7.2 
6.8 


145 
154 
171 


234 
246 
274 


1N6301A 
1N6302A 
1N6303A 


1.5KE170A 
1.5KE180A 
1.5KE200A 


1.5KE170CA 
1.5KE180CA 
1 .5KE200CA 




6.4 
6.1 
5.5 



( 29 ) A transient suppressor is normally selected according to the reverse 'Stand Off Voltage" (V R ) which should be equal to or greater than the DC or continuous 
peak operating voltage level. 

( 31 ) Not available as bidirectional. 



Devices listed in bold, italic are Motorola preferred devices. 
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TVS 

Surface Mount Packages (continued) 



Table 10. TVS 1SMC Surface Mount Packages 



Peak Pulse 
Power Rating at 1 ms 


1500 W 


Application 


Surface Mount 


Series 


1SMC 


Package 


Case 403A 


Polarity 


UNI 




Reverse 
Stand-Off Voltage 
Vr Volts 


Maximum Clamping 
Voltage 

Vc Volts 


Part Number 


Maximum Peak 
Pulse Current 
Ipp Amps 


5 
6 

6.5 
7 


9.2 
10.3 
11.2 
12 


1SMC5.0AT3 
1SMC6.0AT3 
1SMC6.5AT3 

I OIV1L* / .Urt I o 






163 
145.6 
133.9 

I £.0 


7.5 
8 

8.5 

9 


12.9 
13.6 
14.4 
15.4 


1SMC7.5AT3 
1SMC8.0AT3 
1SMC8.5AT3 






116.3 
110.3 
104.2 

Q7 A 


10 
11 
12 
13 


17 
18.2 
19.9 
21.5 


1SMC10AT3 
1SMC11AT3 
1SMC12AT3 

1 QUfl ^AT** 
1 OMO IOMI O 






88.2 
82.4 
75.3 

Da. / 


14 
15 
16 
17 


23.2 
24.4 
26 
27.6 


1SMC14AT3 
1SMC15AT3 
1SMC16AT3 
1SMC17AT3 






64.7 
61.5 
57.7 
53.3 


18 
20 
22 
24 


29.2 
32.4 
35.5 
38.9 


1SMC18AT3 
1 SMC20AT3 
1 SMC22AT3 
1SMC24AT3 






51.4 
46.3 
42.2 
38.6 


26 
28 
30 
33 


42.1 
45.4 
48.4 
53.3 


1 SMC26AT3 
1 SMC28AT3 
1 SMC30AT3 
1SMC33AT3 






35.6 
33 
31 

28.1 


36 
40 
43 
45 


58.1 
64.5 
69.4 
72.7 


1 SMC36AT3 
1SMC40AT3 
1 SMC43AT3 
1 SMC45AT3 






25.8 
23.2 
21.6 
20.6 


48 
51 
54 
58 


77.4 
82.4 
87.1 
93.6 


1 SMC48AT3 
1SMC51AT3 
1 SMC54AT3 
1SMC58AT3 






19.4 
18.2 
17.2 
16 


60 
64 
70 
75 
78 


96.8 
103 
113 
121 
126 


1 SMC60AT3 
1SMC64AT3 
1 SMC70AT3 
1 SMC75AT3 
1 SMC78AT3 






15.5 
14.6 
13.3 
12.4 
11.4 



Devices listed in bold, italic are Motorola preferred devices. 
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TVS 



Overvoltage Transient Suppressors 

Table 11. Overvoltage Transient Suppressors 



Overvoltage transient suppressors are designed for protection against over-voltage conditions in the auto electrical system 
including the "LOAD DUMP" phenomenon that occurs when the battery open circuits while the car is running. 



OVERVOLTAGE TRANSIENT SUPPRESSOR 




CASE 194-04 
MR2S35L 


VRRM (Volts) 


20 


l (Amp) 


35 


V ( BR) (Volts) 


24-32 


Irsm' 30 * 

(Amp) 


110 


Tc @ Rated lo 

(°C) 


150 


T 

CO 


175 







CASE 194-04 




/ 





(3°) Time constant - 10 ms, duty cycle s 1%, Tc - 25°C. 

Note: MR2535L is considered part of the rectifier product portfolio. 























Devices listed in bold, italic are Motorola preferred devices. 
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Zener Diodes 

Voltage Regulator Diodes 



Table 12. Axial Leaded for Through-hole Designs -500 mW 



Nominal 
Zener 
Breakdown 
Voltage 


500 mW 
Cathode a 
Polarity 
Band 


500 mW 
Low Level 
Cathode = 

Polarity 
Band 






500 mW 
Cathode = Polarity Band 




500 mW 
Low Level 
Cathode = 

Polarity 
Band 


500 mW 

Cathode = Polarity 
Band 


(•Note 1) 


{•Note 2) 


(•Note 3) 


(•Note 4) 


(•Note 5) 


(•Note 6) 


(•Note 7) 


(•Note 8) 


(•Note 9) 


(•Note 10) 


(•Note 8) 


Volts 


jtf Glass 
Case 298 
DO-204AH 
(DO-35) 


1.8 
2.0 
2.2 
2.4 
2.5 
2.7 
2.8 
3.0 
3.3 


1N4370A 

1N4371A 

1 N4372A 
1N746A 


1N4678 
1 N4679 
1N4680 
1N4681 

1N4682 

1 N4683 
1N4684 


1N5221B 
1N5222B 
1N5223B 
1N5224B 
1 N5225B 
1NS22SB 


1N5985B 

1N5986B 

1N5987B 
1N5988B 


BZX55C2V4RL 

BZX55C2V7RL 

BZX55C3V0RL 
BZX55C3V3RL 


BZX79C2V4RL 

BZX79C2V7RL 

BZX79C3V0RL 
BZX79C3V3RL 


BZX83C2V7RL 

BZX83C3V0RL 
BZX83C3V3RL 


MZ4614 
MZ4615 
MZ4616 
MZ4617 

MZ4618 

MZ4619 
MZ4620 




ZPD2.7RL 

ZPD3.0RL 
ZPD3.3RL 


3.8 
3.8 
4.3 
4.7 
5.1 
5.6 
6.0 
6.2 


1N747A 
1 N748A 
1N749A 
1N750A 
1N751A 
1N752A 

1N7S3A 


1N4685 
1 N4686 
1N4687 
1N4S88 

1N4689 
1N4690 

1N4691 


1N5227B 
1N522BB 
1N5229B 
1N5230B 
1NS231B 
1N5232B 
1N5233B 
1N523AB 


1N5989B 
1N5990B 
1N5991B 
1N5992B 
1NS993B 
1NS994B 

1N5995B 


BZX55C3V6RL 
BZX55C3V9RL 
BZX55C4V3RL 
BZX55C4V7RL 
BZX55C5V1 RL 
BZX55C5V6RL 

BZX55C6V2RL 


BZX79C3V6RL 
BZX79C3V9RL 
BZX79C4V3RL 
BZX79C4V7RL 
BZX79C5V1RL 
BZX79C5V6RL 

BZX79C6V2RL 


BZX83C3V6RL 
BZX83C3V9RL 
BZX83C4V3RL 
BZX8304V7RL 
BZX83C5V1 RL 
BZX83C5V6RL 

BZX83C6V2RL 


MZ4621 
MZ4622 
MZ4623 
MZ4624 
MZ4625 
MZ4626 

MZ4627 


MZ5520B 
MZ5521B 
MZ5522B 
MZ5523B 
MZ5524B 

MZ5525B 


ZPD3.6RL 
ZPD3.9RL 
ZPD4.3RL 
ZPD4.7RL 
ZPD5.1RL 
ZPD5.6RL 

ZPD6.2RL 


6.8 


1 N754A 
1N957B 


1N4692 


1NS23SB 


1N5996B 


BZX55C6V8RL 


BZX79C6V8RL 


BZX83C6V8RL 


MZ4099 


MZ5526B 


ZPD6.8RL 


7.5 


1N755A 
1N958B 


1N4693 


1N5236B 


1N5997B 


BZX55C7V5RL 


BZX79C7V5RL 


BZX83C7V5RL 


MZ4100 


MZ5527B 


ZPD7.5RL 


8.2 


1N756A 
1N959B 


1N4694 


1N5237B 


1N5998B 


BZX55C8V2RL 


BZX79C8V2RL 


BZX83C8V2RL 


MZ4101 


MZ5528B 


ZPD8.2RL 


8.7 




1 N4695 


1 N5238B 










MZ4102 






8.1 


1N757A 
1N960B 


1N4696 


1N5239B 


1N5999B 


BZX55C9V1 RL 


BZX79C9V1RL 


BZX83C9V1 RL 


MZ4103 


MZ5529B 


ZPD9.1RL 


10 


1N758A 
1N961B 


1N4697 


1N5240B 


1N6000B 


BZX55C10RL 


BZX79C10RL 


BZX83C10RL 


MZ4104 


MZ5530B 


ZPD10RL 


11 


1N962B 


1N4698 


1N5241B 


1N6001B 


BZX55C11RL 


BZX79011RL 


BZX83C11RL 






ZPD11RL 


12 


1N759A 
1N963B 


1N4699 


1N5242B 


1N6002B 


BZX55012RL 


BZX79C12RL 


BZX83C12RL 






ZPD12RL 


13 
14 
15 
16 
17 
18 


1N964B 

1N965B 
1N966B 

1N967B 


1N4700 
1N4701 
1N4702 
1N4703 
1N4704 
1N4705 


1N5243B 
1N5244B 
1NS245B 
1N5246B 
1N5247B 
1N5248B 


1N6003B 

1N6004B 
1N6005B 

1N6006B 


BZX55C13RL 

BZX55C1 5RL 
BZX55G16RL 

BZX55C18RL 


BZX79C13RL 

BZX79C15RL 
BZX79C16RL 

BZX79C18RL 


BZX83C1 3RL 

BZX83C15RL 
BZX83016RL 

BZX83C18RL 






ZPD13RL 

ZPD15RL 
ZPD16RL 

ZPD18RL 



•See Notes on page 3-20. 



Devices listed in bold, italic are Motorola preferred devices. 
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Zener Diodes 

Voltage Regulator Diodes (continued) 



Table 12. Axial Leaded for Through-hole Designs - 500 mW (continued) 



Nominal 
Zenar 
Breakdown 
Voltage 


500 mW 
Cathodes 
Polarity 
Band 


500 mW 
Low Level 
Cathodes 

Polarity 
Band 


500 mW 
Cathode = Polarity Band 


500 mW 
Low Level 
Cathode = 

Polarity 
Band 


500 mW 

Cathode ■ Polarity 
Band 


(•Note 1) 


(•Note 2) 


(•Note 3) 


(•Note 4) | (-Note 5) | CNote 6) | ("Note 7) | (-Notes) 


(•Note 9) 


(•Note 10) | ('Note 8) 


Volts 




jlf Glass 
Case 299 
DO-204AH 
jjr (DO-35) 


19 
20 
22 
24 
25 
27 


1N968B 
1N969B 
1N970B 

1N971B 


1N4706 
1N4707 
1N4708 
1N4709 
1N4710 
1N4711 


1N5249B 
1N52S0B 
1N5251B 
1N5252B 
1N5253B 
1N5254B 


1N6007B 
1N6008B 
1N6009B 

1N6010B 


BZX55C20RL 
BZX55C22RL 
BZX55C24RL 

BZX55C27RL 


BZX79C20RL 
BZX79C22RL 
BZX79C24RL 

BZX79C27RL 


BZX83C20RL 
BZX83C22RL 
BZX83C24RL 

BZX83C27RL 






ZPD20RL 
ZPD22RL 
ZPD24RL 

ZPD27RL 


28 
30 

33 
36 
39 
43 


1N972B 

1N973B 
1N974B 
1N975B 
1N976B 


1N4712 
1N4713 

1N4714 
1N4715 
1N4716 
1N4717 


1N5255B 
1N5256B 

1N5257B 

1N5Z0OD 

1NS259B 
1N5260B 


1N6011B 
1N6012B 

1N6014B 
1N6015B 


BZX55C30RL 
BZX55C33RL 

BZX55C39RL 
BZX55C43RL 


BZX79C30RL 
BZX79C33RL 

BZX79C39RL 
BZX79C43RL 


BZX83C30RL 
BZX83C33RL 






ZPD30RL 
ZPD33RL 


47 
51 
56 
60 
62 
68 


1N977B 
1N978B 
1N979B 

1N980B 
1N981B 




1N5261B 
1N5262B 
1N5263B 
1N5264B 
1N5265B 
1NS266B 


1N6016B 
1N6017B 
1N6018B 

1N6019B 
1N6020B 


BZX55C47RL 
BZX55C51RL 
BZX55C56RL 

BZX55C62RL 
BZX55C68RL 


BZX79C47RL 
BZX79C51RL 
BZX79C56RL 

BZX79C62RL 
BZX79C68RL 










75 
82 
87 
91 


1N982B 
1N983B 

1N984B 




1NS267B 
1N5268B 
1N5269B 
1N5270B 


1N6021B 
1N6022B 

1N6023B 


BZX55C75RL 
BZX55C82RL 

BZX55C91RL 


BZX79C75RL 
BZX79C82RL 

BZX79C91RL 










100 
110 
120 
130 
140 
150 


1N985B 
1N986B 
1N9S7B 
1N988B 

1N9S9B 




1N5271B 
1N5272B 
1N5273B 
1N5274B 
1N5275B 
1N5276B 


1N6024B 
1N6025B 




B2X79C100RL 
BZX79C110RL 
BZX79C120RL 
BZX79C130RL 

BZX79C150RL 










160 
170 
180 
190 
200 
220 


1N990B 
1N991B 
1N992B 




1N5277B 
1NS278B 
1N5279B 
1NS280B 
1N5281B 






BZX79C160RL 
BZX79C180RL 
BZX79C200RL 










240 
270 
300 
330 
360 
400 























•See Notes on page 3-20. 



Devices listed in bold, italic are Motorola preterred devices. 
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Zener Diodes 

Voltage Regulator Diodes (continued) 



Table 13. Axial Leaded for Through-hole Designs - 1, 1.3, 1.5, 3 and 5 Watt 



Nominal 
Zener 
Breakdown 

Voltage 


1 Watt 

Cathode = 
Polarity Band 


1.3 Watt 

Cathode = 
Polarity Band 


1.5 Watt 

Cathode: 
Polarity 
Band 


3 Watt 

Cathode = 
Polarity Band 


5 Watt 

Cathode e 
Polarity Band 


(•Hotel) 


(•Note 11) 


(■Note 12) 


(■Note 13) | (-Note 14) 


(•Note 15) 


(•Note 16) 


(•Note 17) 


(•Note 18) 


Volts 


/ 

/ 

/ Glass 

/ cn .... 

/ case 59^J3 

' (DO-41) 


9 

g Plastic 
i Surmetic 30 
*> case 59-00 
(DO-41) 


i Glass 
// Case 59-03 
/ (DO-41) 




/ 

/ Plastic 
/ Surmetic 30 
/ Case 5903 


/ Plastic 
/Surmetic 40 




3.3 


1N4728A 


MZP4728A 


BZX85C3V3RL 






1N5913B 




1N5333B 


3.6 
3.9 
4.3 
4.7 
5.1 
5.6 
6.0 
6.2 


1N4729A 
1N4730A 
1N4731A 
1N4732A 
1N4733A 
1N4734A 

1N4735A 


MZP4729A 
MZP4730A 
MZP4731A 
MZP4732A 
MZP4733A 
MZP4734A 

MZP4735A 


8ZX85C3V6B/. 

BZX85C3V9RL 
BZX85C4V3RL 
BZX85C4V7RL 
BZX85C5V1 RL 
BZX85C5V6RL 

BZX85C6V2RL 


MZPY3.9RL 
MZPY4.3RL 
MZPY4.7RL 
MZPY5.1RL 
MZPY5.6RL 

MZPY6.2RL 


MZD3.9RL 
MZD4.3RL 
MZD4.7RL 
MZD5.1RL 
MZD5.6RL 

MZD6.2RL 


1N5914B 
1N5915B 
1N5916B 
1N5917B 
1N5918B 
1N5919B 

1NS920B 


3EZ3.9D5 
3EZ4.3DS 
3EZ4.7D5 
3EZ5.1D5 
3EZ5.6D5 

3EZ6.2D5 


1N5334B 
1N5335B 
1N5336B 
1N5337B 
1N5338B 
1N5339B 
1N5340B 
1N5341B 


6.8 


1N4736A 


MZP4736A 


BZX85C6V8RL 


MZPY6.8RL 


MZD6.8RL 


1N5921B 


3EZ6.8D5 


1N5342B 


7.5 


1N4737A 


MZr4737A 


BZX85C7V5RL 


MZPY7.5RL 


MZD7.5RL 


1N5922B 


3EZ7.5D5 


1N5343B 


&2 


1N473BA 


MZP4738A 


BZX85C8V2RL 


MZPY8.2RL 


MZD8.2RL 


1N5923B 


3EZ8.2D5 


1N5344B 


8.7 
















1N5345B 


9.1 


1N4739A 


MZP4739A 


BZX85C9V1 RL 


MZPY9.1RL 


MZD9.1RL 


1N5924B 


3EZ9.1D5 


1N5346B 


10 


1N4740A 


MZP4740A 


BZX85C10RL 


MZPY10RL 


MZD10RL 


1N5925B 


3EZ10D5 


1N5347B 


11 


1N4741A 


MZP4741A 


BZX85C11RL 


MZPY11RL 


MZD11RL 


1N5926B 


3EZ11D5 


1N5348B 


12 


1N4742A 


MZP4742A 


BZX85C12RL 


MZPY12RL 


MZD12RL 


1N5927B 


3EZ12D5 


1N5349B 


13 
14 
15 
16 
17 
18 


1N4743A 

1N4744A 
1N4745A 

1N4746A 


MZP4743A 

MZP4744A 
MZP4745A 

MZP474SA 


BZX85C13RL 

BZX85C15RL 
BZX85C16RL 

BZXB5C18RL 


MZPY13RL 

MZPY15RL 
MZPY16RL 

MZPY18RL 


MZD13RL 

MZD15RL 
MZD16RL 

MZD18RL 


1N5928B 

1NS929B 

1N5930B 

1N5931B 


3EZ13D5 
3EZ14D5 
3EZ15D5 
3EZ16D5 
3EZ17D5 
3EZ18D5 


1N5350B 
1N5351B 
1N5352B 
1N5353B 
1N5354B 
1N5355B 


19 
20 
22 

25 
27 


1N4747A 
1N4748A 
1N4749A 

1N47S0A 


MZP4747A 
MZP4748A 
UZP4749A 

MZP4750A 


BZX85C20RL 
BZXBSC22RL 
BZX85C24RL 

BZX85C27RL 


MZPY20RL 
MZPY22RL 
MZPY24RL 

MZPY27RL 


MZD20RL 
MZD22RL 
MZD24RL 

MZD27RL 


1N5932B 
1N5933B 
1N5934B 

1N5935B 


3EZ19D5 
3EZ20D5 
3EZ22D5 
3EZ24D5 

3EZ27D5 


1N5356B 
1N5357B 
1N5358B 
1ND309B 
1N5360B 
1N5361B 


28 
30 
33 
36 
39 
43 


1N4751A 
1N47S2A 

1N47S3A 
1N4754A 
1N4755A 


UZP47S1A 

MZP4752A 
MZP4753A 
MZP4754A 
MZP4755A 


BZX85C30RL 
BZX85C33RL 
BZX85C36RL 
BZX85C39RL 
BZX85C43RL 


MZPY30RL 
MZPY33RL 
MZPY36RL 
MZPY39RL 
MZPY43RL 


MZD30RL 
MZD33RL 
MZD36RL 
MZD39RL 
MZD43RL 


1NS936B 

1N5937B 
1N5938B 
1N5939B 
1N5940B 


3EZ28D5 
3EZ30D5 
3EZ33D5 
3EZ36D5 
3EZ39D5 
3EZ43D5 


1 N5362B 
1N5363B 
1N5364B 
1N5365B 
1N5366B 
1N5367B 


47 


1N4756A 


MZP4756A 


BZX85C47RL 


MZPY47RL 


MZD47RL 


1N5941B 


3EZ47D5 


1N5368B 


51 
56 
60 
62 
68 


1N4757A 
1N4758A 

1N4759A 
1N4760A 


MZP4757A 
MZP4758A 

MZP4759A 
MZP4760A 


BZX85C51RL 
BZX85C56RL 

BZX85C62RL 
BZX85C68RL 


MZPY51RL 
MZPY56RL 

MZPY62RL 
MZPY68RL 


MZD51 
MZD56 

MZD62 
MZD68 


1N5942B 
1N5943B 

1N5944B 
1N5945B 


3EZS1D5 
3EZ56D5 

3EZ62D5 
3EZ68D5 


1N5369B 
1N5370B 
1N5371B 
1N5372B 
1NS373B 



•See Notes on page 3-20. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



Zener Diodes 

Voltage Regulator Diodes (continued) 



Table 13. Axial Leaded for Through-hole Designs - 1, 1.3, 1.5, 3 and 5 Watt (continued) 



Nominal 


1 W 


att 




1.3 Watt 




1-5 Watt 


3 Watt 


5 Watt 


Zener 
Breakdown 


Cathode = 




Cathode - 




Cathode = 


Cathodes 


Cathode = 


Voltage 


Polaritt 


1 Band 




Polarity Band 




Polarity 
Band 


Polarity Band 


Polarity Band 


(•Notel) 


(•Note 11) 


(•Note 12) 


(•Note 13) 


(•Note 14) 


\ Note ID) 


(•Note 16) 


(•Note 17) 


('Note 18) 


Volts 


/ 

/ 


/ 
/ 

J 
Of 
f 












t 
/ 
J 

W 




r 
f 

1 Glass 
/Case 59-03 
' (DO-41) 


M Plastic 
M Surmetic 30 
ff Case 59-03 
(DO-41) 


/ Glass 
/ Case 59-03 
/ (DO-41) 




// Plastic 
/ Surmetic 30 
/ Case 5943 
/ (DO-41) 


/ PlasUc 
/ Surmetic 40 
f Case 17 


75 


1N4761A 


MZP4761A 


BZX85C75RL 


MZPY75RL 


MZD75 


1N5946B 


3EZ75D5 


1N5374B 


82 


1N4762A 


MZP4762A 


BZX85C82RL 


MZPY82RL 


MZD82 


1N5947B 


3EZ82D5 


1 NOJ/DB 


87 
















1N5376B 


91 


1N4763A 


MZP4763A 


BZX85C91RL 


MZPY91RL 


MZD91 


1N5948B 


3EZ91D5 


1N5377B 


100 


1 N4764A 


MZP4764A 


BZX85C100RL 


MZPY100RL 


MZD100 


1N5949B 


3EZ100D5 


1N5378B 


110 




1M110ZS5 






MZD110 


1N5950B 


3EZ110D5 


1N5379B 


120 




1M120ZS5 






MZD120 


1N5951B 


3EZ120D5 


1N5380B 


130 




1M130ZS5 






MZD130 


1N5952B 


3EZ130D5 


1 N5381B 


140 














3EZ140D5 


1N5382B 


150 




1M150ZS5 






MZD150 


1N5953B 


3EZ150D5 


1N5383B 


160 




1M160ZS5 






MZD160 


1N5954B 


3EZ160D5 


1N5384B 


170 














3EZ170D5 


1N5385B 


180 




1M180ZS5 






MZD180 


1N595SB 


3EZ180D5 


1N5386B 


190 














3EZ190D5 


1N5387B 


200 




1M200ZS5 






MZD200 


1N5956B 


3EZ200D5 


1N5388B 


220 














3EZ220D5 




240 














3EZ240D5 




270 














3EZ270D5 




300 














3EZ300D5 




330 














3EZ330D5 




360 














3EZ360D5 




400 














3EZ400D5 





•See Notes on page 3-20. 



Devices listed in bold, italic are Motorola prefened devices. 
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Zener Diodes 



Notes — Axial Leaded Chart 



1 . Zener Voltage is the key parameter for each device type. It is 
specified at a particular test current applied at either thermal 
equilibrium (T.E.) or pulse test condition. The voltage tolerance for 
the device types listed is, in general, ±5%; however, for some 
series, the voltage tolerance varies from device type to device type 
over a range of ±(5 to 8.5)%. Consult the complete data sheet to 
determine the exact test conditions and minimum/maximum limits 
for the zener voltage. Consult Application Note AN924 regarding 
measurement of Zener Voltage (pulse versus thermal equilibrium). 

Power Ratings represent the capability of the case size listed as 
supplied by Motorola. These ratings may be higher than the 
JEDEC registration and/or the same device types supplied by 
other manufacturers. 

Vz Test Conditions And Tolerances 

2. 1N4370A/1N746A Series 
l ZT = 20 mA (T.E.). 

A suffix - ±5%. 
C suffix - ±2%. 
D suffix = ±1%. 

1 N957B Series 

lZT @ approximately 125 mW point (T.E.). 
B suffix > ±5%. 
C suffix - ±2%. 
D suffix = ±1%. 

3. 1N4678 Series Izt - 50 uA (T.E.). 

No suffix - ±5%. 
C suffix - ±2%. 
D suffix - ±1%. 

Also has delta V z parameter and limit. 

4. 1N5221B-42B Izt = 20 mA (T.E.). 

1 N5243B-81 B Izt @ approximately 1 25 mW point (T.E.). 

B suffix = ±5%. 
C suffix = ±2%. 
D suffix = ±1%. 

5. 1N5985B-6013B 
1N6014B-23B 
1N6024B-25B 

B suffix m ±5%. 
C suffix = ±2%. 
D suffix = ±1%. 

6. BZX55C2V4-C36RL Izt - 5 mA (T.E.). 
BZX55C39-C82RL Izt - 2.5 mA (T.E.). 
BZX55C91 RL Izt = 1 mA (T.E.). 
C indicates ±(5 to 8.5)% depending on type number. 
Replace C with B for ±2%. 

7. BZX79C2V4-C24RL l Z T = 5 mA (pulse). 
BZX79C27-C91RL Izt = 2 mA (pulse). 
BZX79C100-C200RLI ZT = 1 mA (pulse). 
C indicates ±(5 to 8.5)% depending on type number. 
Replace C with B for ±2%. 
Replace C with A for ± 1 %. 

8. BZX83C2V7-C33RL Izt - 5 mA (pulse). 
ZPD2.7-33RL Izt - 5 mA (pulse). 
Tolerance is ±(5 to 8.5)% depending on type number. 



lZT = 5 mA (T.E.). 
lZT = 2 mA (T.E.). 
lZT = 1 mA (T.E.). 



9. MZ4614-27 l Z T = 250uA(T.E.). 

MZ4099-4104 l Z T = 250 uA (T.E.). 

Tolerance is ±5%. 



I Z T = 20 mA (T.E.). 
IZT=10mA(T.E.). 
lZT = 5 mA (T.E). 
lZT = 3 mA (T.E.). 
lZT - 1 mA (T.E.). 



10. MZ5520B-21B 
MZ5522B 
MZ5523B 
MZ5524B 
MZ5525B-30B 
Tolerance is ±5%. 

Also has delta Vz parameter and limit. 

11. 1N4728A-64A 

lZT 9 approximately 250 mW point (T.E.). 
A suffix - ±5%. 
C suffix = ±2%. 
D suffix = ±1%. 

12. MZP4728A-64A 
1M110ZS5-200ZS5 

lZT @ approximately 250 mW point (T.E.). 
MZP Series A suffix = ±5%. 
1M Series 5 suffix = ±5%. 

13. BZX85C3V3-C100RL 

Izt varies from 185 mW to 300 mW point depending on type 
number (pulse). 

C indicates ±(5 to 8.5)% depending on type number. 
Replace C with B for ±2%. 

14. MZPY3.9-8.2RL l Z T= 100 mA (pulse). 
MZPY9.1 -1 5RL Izt = 50 mA (pulse). 
MZPY1 6-33RL Izt - 25 mA (pulse). 
MZPY36-82RL l Z T - 10 mA (pulse). 
MZPY91 -1 00RL Izt - 5 mA (pulse). 

No suffix tolerance is approximately ± (5 to 8.5)% depending on 
type number. 



C suffix = 
□ suffix = 



±2%. 
±1%. 



15. MZD3.9-8.2 


tet- 


100 mA (pulse). 


MZD9.1-15 


ter - 


50 mA (pulse). 


MZD16-33 


IZT- 


25 mA (pulse). 


MZD36-82 


Izt- 


10 mA (pulse). 


MZD9 1-200 


ter- 


5 mA (pulse). 



Tolerance is +(5 to 8.5)% depending on type number. 

16. 1N5913B-56B 

lZT @ approximately 375 mW point (T.E.). 
B suffix = ±5%. 

17. 3EZ3.9D5-400D5 

lZT @ approximately 750 mW point (pulse). 
Suffix 5 = ±5%. 

18. 1N5333B-88B 

Izt varies from 0.9 to 1 .5 W point depending on type number 
(pulse) 
B suffix = ±5%. 

Also has delta Vz parameter and limit. 
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Motorola TVS/Zener Device Data 



Zener Diodes 

Voltage Regulator Diodes (continued) 



Table 14. Surface Mount Packages 



Nominal 


225 




500 mW 


500 mW 


500 mW 


3 Watt 


Zener 


Surface Mount 


Surface Mount 


Low Level 


Surface Mount 


Surface Mount 


Breakdown 








Surface Mount 






Voltage 
















SOT-23 


SOD-123 


SOD-123 


SOD-123 


SMB 


(•Notel) 


('Note 2) 


(■Note 3) 


(•Note 4) 


(•Note 5) 


(•Note 6) 


(•Note 7) 


Volts 


{Sk> Cathode 

Anode 

No Connection 

Plastic 
Case 318-07 




Plastic 
Case 425, Style 1 


Case 403 A 
uainoae = Noicn 




TO-236AB 










1.8 








MMSZ4678T1 






2.0 














2.2 








MMSZ46B0T1 






2.4 


8ZX84C2V4LT1 


MMBZ5221BLT1 


MMSZ2V4T1 


MMSZ4681T1 


MMSZS221BT1 




2.5 




MMBZ5222BLT1 






MMSZ5222BT1 




2.7 


BZX84C2V7LT1 


MMBZ5223BLT1 


MMSZ2V7T1 


MMSZ4682T1 


MMSZ5223BT1 








MMBZ5224BLT1 






MMSZ5224BT1 




3.0 


BZX84C3V0LT1 


MMBZ5225BLT1 


MMSZ3V0T1 


MMSZ4683T1 


MMSZS22SBT1 




3.3 


BZX84C3V3LT1 


MMBZ5226BLT1 


MMSZ3V3T1 


MMSZ4684T1 


MMSZ5226BT1 


1SMB5913BT3 


3.6 


BZX84C3V6LT1 


MMBZ5227BLT1 


MMSZ3V6T1 


MMSZ4635T 1 


MMSZ5227BT1 


1SMB5914BT3 




BZX84C3V9LT1 


MMBZ5228BLT1 


lAkAQ70\ /QT1 


MMSZ4686T1 


MMSZ5228BT1 


loMboy t3b I O 


4.3 


BZX84C4V3LT1 


MMBZ5229BLT1 


MMSZ4V3T1 


MMSZ4687T1 


MMSZ5229BT1 


1SMB5916BT3 


4.7 


BZX84C4 V7LT1 


MMBZ5230BLT1 


MMSZ4VTT1 


MMSZ46B8T1 


MMSZS230BT1 


1SMB5917BT3 


5.1 


BZX84C5V1LT1 


MMBZS231BLT1 


MMSZoVlTI 


UMSZ4689T1 


MUSZ5231BT1 


1SMB5918BT3 


5.6 


BZX34C5V6LT1 


MMBZ5232BLT1 


MMSZ5V6T1 


MMSZ4690T1 


MMSZ5232BT1 


1SMB5919BT3 


6.0 




MMBZ5233BLT1 






I M IViOi-OtlOOD 1 1 




6.2 


BZX84 C6V2LT1 


MMBZ5234BLT1 


MMSZ6V2T1 


MMSZ4691T1 


MMSZ5234BT1 


1SMB5920BT3 


6.8 


BZX84C6V8LT1 


MMBZ523SBLT1 


MMSZ6V8T1 


MMSZ4692T1 


MMSZS23SBT1 


1SMB5921BT3 


7.5 


BZX84C7V5LT1 


MMBZ5236BLT1 


MMSZ7V5T1 


MMSZ4693T1 


MMSZ5236BT1 


1SMB59228T3 


8.2 


BZX84C8V2LT1 


MMBZ5237BLT1 


MMSZ8V2T1 


MMSZ4694T1 


MMSZ5237BT1 


1SMB5923BT3 


8.7 




MMBZ5238BLT1 




MMSZ4695T1 


MMSZ5238BT1 




9.1 


BZX84C9V1LT1 


MMBZ5239BLT1 


MMSZ9V1T1 


MMSZ4696T1 


MMSZ5239BT1 


1SMB5924BT3 


10 


BZX84C10LT1 


MMBZS240BLT1 


MMSZ10T1 


MMSZ4697T1 


MUSZS240BT1 


1SMB5925BT3 


11 


BZX84C11LT1 


MMBZ5241BLT1 


MMSZ11T1 


MMSZ4698T1 


MMSZ5241BT1 


1SMB5926BT3 


12 


BZX84C12LT1 


MMBZ5242BLI1 


MMSZ12T1 


MMSZ4699T1 


MMSZ5242BT1 


1SMB5927BT3 


13 


BZX84C13LT1 


MMBZ5243BLT1 


MMSZ13T1 


MMSZ4700T1 


MMSZ5243BT1 


1SMB5928BT3 


14 




MMBZ5244BLT1 




MMSZ4701T1 


MMSZ5244BT1 




15 


BZX84C15LT1 


MMBZS24SBLT1 


MMSZ15T1 


MMSZ4702T1 


MMSZS24SBT1 


1SMB5929BT3 


16 


BZX84C16LT1 


MMBZ5246BLT1 


MMSZ16T1 


MMSZ4703T1 


MMSZS246BT1 


1SMB5930BT3 


17 




MMBZ5247BLT1 




MMSZ4704T1 


MMSZ5247BT1 




18 


BZX34C18LT1 


MMBZ5246BLT1 


MMSZ18T1 


MMSZ4705T1 


MMSZ5248BT1 


1SMB5931BT3 


19 




MMBZ5249BLT1 




MMSZ4706T1 


MMSZ5249BT1 




20 


BZX84C20LT1 


MMBZ5250BLT1 


MMSZ20T1 


MMSZ4707T1 


MMSZS2S0BT1 


1SMB5932BT3 


22 


BZX84C22LT1 


MMBZ5251BLT1 


MMSZ22T1 


MMSZ4708T1 


MMSZ5251 BT1 


1SMB5933BT3 


24 


BZX84C24LT1 


MMBZ5252BLT1 


MMSZ24T1 


MMSZ4709T1 


UMSZS2S2BT1 


1SMB5934BT3 


25 




MMBZ5253BLT1 




MMSZ4710T1 


MMSZ5253BT1 




27 


BZX84C27LT1 


MMBZ52S4BLT1 


MMSZ27T1 


MMSZ4711T1 




1SMB5935BT3 



•See Notes page 3-23. 
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Zener Diodes 



Table 14. Surface Mount Packages (continued) 



Nominal 


225 


nW 


500 mW 


500 mW 


500 mW 


3 Watt 


Zener 


Surface Mount 


Surface Mount 


Low Level 


Surface Mount 


Surface Mount 


Breakdown 








Surface Mount 






Voltage 


SOT-23 


SOD-123 


SOD-123 


SOD-123 


SMB 


(•Note 1) 


(•Note 2) 


(•Note 3) 


(•Note 4) 


CNoteS) 


(•Note 6) 


(•Note 7) 




iiuvla 


|a Cathode 










Volts 


No Connection 

Plastic 
Case 318-07 
TO-236AB 




Plastic 
Case 425, Style 1 




Plastic 
Case 403A 
Cathode = Notch 


28 








MMSZ4712T1 


MMSZ5255BT1 




30 


BZX84C30LT1 


MMBZ5256BLT1 


MMSZ30T1 


MMSZ4713T1 


MMSZS2S6BT1 


1SMB5936BT3 


33 


BZX84C33LT1 


UIIBZ5257BLTI 


MMSZ33T1 


MMSZ4714T1 


MMSZ5257BT1 


1SMB5937BT3 


36 


BZX84C36LT1 


MMBZ5258BLT1 


MMSZ36T1 


MMSZ4715T1 


MMSZ5258BT1 


1SMB5938BT3 


39 


BZX64C39LT1 


MMBZ5259BLT1 


MMSZ39T1 


MMSZ4716T1 


MMSZ5259BT1 


1SMB5939BT3 


43 


BZX84C43LT1 


MMBZ5260BLT1 


MMSZ43T1 


MMSZ4717T1 


MMSZ5260BT1 


1SMB5940BT3 


47 


BZX84C47LT1 


MMB25261BLT1 


MMSZ47T1 




MMSZ5261BT1 


1SMB5941BT3 


51 


BZX84C51LT1 


MMBZ5262BLT1 


MMSZ51T1 




MMSZ5262BT1 


1SMB5942BT3 


56 


BZX84C56LT1 


MMBZ5263BLT1 


MMSZ56T1 




MMSZ5263BT1 


1SMB5943BT3 


60 




MMBZ5264BLT1 






MMSZ5264BT1 




62 


BZX84C62LT1 


MMBZ5265BLT1 


MMSZ62T1 




MMSZ5265BT1 


1SMB5944BT3 


68 


8ZX84C68LT1 


MMBZ5266BLT1 


MMSZ68T1 




MMSZ5266BT1 


1SMB5945BT3 


75 


B2X84C75LT1 


MMBZ5267BLT1 


MMSZ75T1 




MMSZ5267BT1 


1SMB5946BT3 


82 




MMBZ5268BLT1 






MMSZ5268BT1 


1SMB5947BT3 


87 




MMBZ5269BLT1 






MMSZ5269BT1 




91 




MMBZ5270BLT1 






MMSZ5270BT1 


1SMB5948BT3 


100 










MMSZ5271BT1 


1SMB5949BT3 


110 












1SMB5950BT3 


120 












1SMB5951BT3 


130 












1SMB5952BT3 


150 












1SMB5953BT3 


160 












1SMB5954BT3 


170 














160 












1SMB5955BT3 


200 












1SMB5956BT3 



"See Notes on page 3-23. 
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Motorola TVS/Zener Device Data 



Zener Diodes 



Notes — Surface Mount Chart 



1 . Zener Voltage is the key parameter for each device type. It is 
specified at a particular test current applied at either thermal 
equilibrium (T.E.) or pulse test condition. The voltage tolerance for 
the device types listed is, in general ±5%; however, for some 
series, the voltage tolerance varies from device type to device type 
over a range of ± (5 to 8.5)%. Consult the complete data sheet to 
determine the exact test conditions and minimum/maximum limits 
for the zener voltage. 

Power Ratings represent the capability of the case size listed as 
supplied by Motorola. These ratings may be higher than the same 
device types supplied by other manufacturers. 
'See Notes on this page. 



Vz Test Conditions And Tolerances 

BZX84C2V4L-C24LT1 Izt - 5 mA (pulse). 

BZX84C27L-C75LT1 Izt - 2 mA (pulse). 

Tolerance is ± (5 to 8.5)% depending on type number. Each device 

type also has other Vz min/max limits attwo other Izt pulse current 

values. 



NOTES — SURFACE MOUNT CHART 



1 . Zener Voltage is the key parameter tor each device type. It is specified at a particular test 
current applied at either thermal equilibrium (T.E.) or pulse test condition. The voltage 
tolerance for the device types listed is. in general ±5%; however, for some series, the 
voltage tolerance varies from device type to device type over a range of ±(5 to 8.5)%. 
Consult the complete data sheet to determine the exact test conditions and 
minimum/maximum limits for the zener voltage. 

Power Ratings represent the capability of the case size listed as supplied by 
Motorola. These ratings may be higher than the same device types supplied by other 
manufacturers. 

V z TEST CONDITIONS AND TOLERANCES 

2. BZX84C2V4L-C24LT1 fa ■ 5 mA (pulse). 
BZX34C27L-C75LT1 l^ - 2 mA (pulse). 

Tolerance is ±(5 to 8.5)% depending on type number. Each device type also has other 
V£ min/max limits at two other l^j pulse current values. 

3. MMBZS221BL-42BLT1 fa - 20 mA (pulse). 
MMBZ5243BL-70BLT1 fa ® approximately 125 mW point (pulse). 

BL suffix - ±5%. 



4. MMSZ2V4-24T1 fa - 5 mA (pulse). 

MMSZ27-56T1 fa - 2 mA (pulse). 

Tolerance is ±(5 to 8.5}% depending on type number. Each device type also has other 
V£ min/max limits at two other fa pulse current values. 



5. MMSZ4678T1 Series 

No suffix . ±5%. 

6. MMSZ5221B-42BTt 
MMSZ5243B-63BT1 

A suffix - ±10%. 
B suffix - ±5%. 



l ZT -50nA(T.E.). 



fa - 20 mA (T.E.)- 

fa @ approximately 125 mW point (T.E.). 



7. 1SMB5913BT3 Series 

fa @ approximately 375 mW point (T.E.). 
BT3 suffix ■ ±6%. 

T3 suffix designates tape and reel of 2500 units. 
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Zener Diodes 

Table 15. 225 mW Rating on FR-5 Board - Case 318-07 -SOT-23 




CASE 318-07, STYLES 
SOT-23 (TO-236AB) 
PLASTIC 



3 

Cathode 



— O 

1 

Anode 



ELECTRICAL CHARACTERISTICS (Pinout: 1-Anode, 2-NC, 3-Cathode) (V F = 0.9 V Max @ l F = 10 mA for all types) 







Zener Voltage 

V Z1 (Voltt) 
® IjTI = 5 mA 
(20) 


Man Zener 
Impedance 

Z ZT1 
(Ohms) 
@ l Z T1 = 
5 mA 


Max 

Current 


Zener Voltage 

V K (Volts) 
@ Iro = 1 mA 
(20) 


Max Zener 
Impedance 

Z ZT2 
(Ohms) 

^ 'ZT12 
1 mA 


Zener Voltage 

V 23 (Volts) 
@ l ZT3 = 20 mA 
(20) 


Max Zener 
Impedance 

Z ZT3 
(Ohms) 

20^rnA 


dyg/dt 

(mV/k) 
@ Ijjj = 5 mA 


Max 
@V H = 
Is 1 MHz 


Type 
Number 


MarHng 


Norn 


Mln 


Mux 


'r ® Vr 
mA 
Volts 


Mln 


Max 


Mln 


Max 


Mln 


Max 


BZX84C2V4LT1 


211 


2.4 


2.2 


2.6 


100 


50 




1.7 


2.1 


600 


2.6 


3.2 


50 


-3.5 





450 


BZX84C2V7LT1 


Z12 


2.7 


2.5 


2.9 


100 


20 


1 


1.9 


2.4 


600 


3 


3.6 


50 


-3.5 





450 


BZX84C3V0LT1 




3 


2.8 


3.2 




10 


1 


2.1 


2.7 




3.3 


3.9 




-3.5 





450 


BZX84C3V3L.T1 


Z14 


3.3 


3.1 


3.5 


95 


5 


1 


2.3 


2.9 


600 


3.6 


4.2 


40 


-3.5 





450 


BZX84C3V6LTT 


Z15 


3.6 


3.4 


3.8 


90 


6 


1 


2.7 


3.3 


600 


3.9 


4.5 


40 


-3.5 





450 


BZX84C3V9LT1 


Z16 


3.9 


3.7 


4.1 


90 


3 


, 


2.9 


3.5 


600 


4.1 


4.7 


30 


-3.5 


-2.5 


450 


BZX84C4V3LT1 


W9 


4.3 


4 


4.6 


90 


3 


1 


3.3 


4 


600 


4.4 


5.1 


30 


-3.5 





450 


BZX84C4V7LTI 


Z1 


4.7 


4.4 


5 


80 


3 


2 


3.7 


4.7 


500 


4.6 


5.4 


15 


-3.5 


0.2 


260 


BZX84CSV1LT1 


Z2 


5.1 


4.8 


5.4 


60 


2 


2 


42 


5.3 


480 


5 


5.9 


15 


-2.7 


M 


225 


BZXS4CSVILT1 


Z3 


5.6 


5.2 


6 


40 


1 


2 


4.8 


s 


400 


5.2 


6.3 


10 


-2.0 


2.5 


200 


BZXB4C6V2LT1 


Z4 


6.2 


5.8 


6.6 


10 


3 


4 


6.6 


6.6 


150 


5.8 


6.8 


6 


0.4 


3.7 


185 


BZX84C6V8LT1 


Z5 


6.8 


6.4 


7.2 


15 


2 


4 


6.3 


12 


80 


6.4 


7.4 


6 


12 


4.5 


155 


BZX84C7V5LT1 


Z6 


7.5 


7 


7.9 


15 


1 


5 


6.9 


7.9 


60 


7 


8 


6 


2.5 


5.3 


140 


BZX84C8V2LT1 


Z7 


8.2 


7.7 


8.7 


15 






7.6 


8.7 


80 


7.7 


8.8 


6 


32 


6.2 


135 


BZX84C9V1 LT1 


Z8 


9.1 


8.5 


9.6 


15 


0.5 


6 


8.4 


9.6 


100 


6.5 


9.7 


8 


3.8 


7.0 


130 


BZX84C10L.T1 


Z9 


10 


9.4 


10.6 


20 


0.2 


7 


9.3 


10.6 


150 


9.4 


10.7 


10 


4.5 


8.0 


130 


BZXB4C11 LT1 


Y1 


11 


10.4 


11.6 


20 


0.1 


8 


10.2 


11.6 


150 


10.4 


11.8 


10 


5.4 


9.0 


130 


BZXS4C12LT1 


Y2 


12 


11.4 


12.7 


25 


0.1 


8 


11.2 


12.7 


150 


11.4 


12.9 


10 


6.0 


10.0 


130 


BZX84C13LT1 


Y3 


13 


12.4 


14.1 


30 


0.1 


8 


12.3 


14 


170 


12.5 


14.2 


15 


7.0 


11.0 


120 


BZX84C15LT1 


Y4 


15 


13.8 


15.6 


30 


0.05 


10.5 


13.7 


15.5 


200 


13.9 


15.7 


20 


9.2 


13.0 


110 


BZX84C16LT1 


Y5 


16 


15.3 


17.1 


40 


0.05 


11.2 


16.2 


17 


200 


15.4 


17.2 


20 


10.4 


14.0 


105 


BZXS4CISLTI 


Y6 


18 


16.8 


19.1 


45 


0.06 


12.6 


16.7 


19 


225 


16.9 


19.2 


20 


12.4 


16.0 


100 


BZX84C20LT1 


Y7 


20 


18.8 


21 2 


55 


0.05 


14 


18.7 


21.1 


225 


18.9 


21.4 


20 


14.4 


18.0 


85 


BZX84C22LT1 


Y8 


22 


20.8 


23.3 


55 


0.05 


15.4 


20.7 


23.2 


250 


20.9 


23.4 


25 


16.4 


20.0 


85 


BZX84C24LT1 


Y9 


24 


22.8 


25.6 


70 


0.05 


16.8 


22.7 


25.5 


250 


22.9 


25.7 


25 


18.4 


22.0 


80 






V Z1 Below 
@ IjT, = 2 mA 


Z ZT1 
Below 

@IZT1 = 
2mA 






v z2 Below 

® <ZT2 " "-1 
mA 


Z ZT2 
Below 

@IZT4 = 
0.5 mA 
(23) 


V z3 Below 
@IZT3 = '°niA 


Z ZT3 
Below 

S"ZT3 = 
10mA 


dyj/dt 
(mV/k) Below 
@ 'ZT1 ■ 2 m * 




BZX84C27LT1 


Y10 


27 


25.1 


28.9 


80 


0.05 


18.9 


25 


28.9 


300 


26.2 


29.3 


45 


21.4 


25.3 


70 


BZX84C30LT1 


Y11 


30 


26 


32 


80 


0.05 


21 


27.8 


32 


300 


28.1 


32.4 


50 


24.4 


29.4 


70 


BZX84C33LT1 


Y12 


33 


31 


35 


60 


0.05 


23.1 


30.8 


36 


325 


31.1 


35.4 


ss 


27.4 


33.4 


70 


BZX84C36LT1 


Y13 


36 


34 


38 


90 


0.05 


25.2 


33.8 


38 


350 


34.1 


38.4 


60 


30.4 


37.4 


70 


BZX64C39LT1 


Y14 


39 


37 


41 


130 


0.05 


27.3 


36.7 


41 


350 


37.1 


41.6 


70 


33.4 


41.2 


46 


BZX84C43LT1 


Y15 


43 


40 


46 


150 


o.os 


30.1 


39.7 


46 


375 


40.1 


46.5 


80 


37.6 


46.6 


40 


BZX84C47I.T1 


Y16 


47 


44 


so 


170 


0.05 


32.9 


43.7 


50 


375 


44.1 


50.5 


90 


42.0 


51.8 


40 


BZX84C51LT1 


Y17 


51 


48 


54 


180 


0.06 


35.7 


47.6 


54 


400 


48.1 


S4.6 


100 


46.6 


57.2 


40 


BZX84C56LT1 


Y18 


56 


52 


60 


200 


0.05 


39.2 


51.5 


60 


425 


52.1 


60.6 


110 


52 2 


63.6 


40 


BZX84C62LT1 


Y19 


62 


58 


66 


21 5 


0.05 


43.4 


57.4 


66 


450 


58.2 


67 


120 


58.8 


71.6 


35 


BZX84C68LT1 


Y20 


SB 


64 


72 


240 


0.05 


47.6 


63.4 


72 


475 


64.2 


732 


130 


65.6 


79.8 


35 


BZX84C75LT1 


Y21 


75 


70 


79 


255 


0.05 


52.5 


69.4 


79 


500 


70.3 


80.2 


140 


73.4 


88.6 


35 



I 20 ) V z is measured with a pulse lest current (l ZT ) applied at an ambient temperature of 25'C. 



(23) The zener impedance, Z n! , for the 27 through 75 volt types is tested at 0.5 mA rather than the test current ol 0.1 mA used for V^. 



Devices listed in bold, italic are Motorola preferred devices. 
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Zener Diodes 



Table 16. 225 mW Rating on FR-5 Board - Case 318-07 - SOT-23 







3 






o h- 

3 


O 

1 






1 .ySgjB 








Cathode 


Anode 






2^ 


V CASE 318-07, STYLE 8 












SOT-23 (TO-236AB) 














PLASTIC 










ELECTRICAL CHARACTERISTICS (Plnout: 1-Anode, 2-NC, 3-Cathode) (V F = 0.9 V Max @ 


lp = 10 mA for all types.) 






Test 


Zener 




Zzt 










Current 


Voltage 


Z ZK 


IZ = 'ZT 


Max 








IZT 


V Z (±5%) 


I Z = 0.25 mA 


@ 10% Mode 


■r 


S> Vr 


Device 


Marking 


mA 


Nominal (20) 


ft Max 


ft Max 


ma 


V 


MMR7* ! i221 Rl T1 

IVI IVI DLJiC 1 OLI 1 


18A 


20 


2.4 


1200 


30 


100 




MMRZ5222RLT1 


18B 


20 


2.5 


1250 


30 


100 


1 


MMR75223RLT1 


18C 


20 


2.7 


1300 


30 


75 


1 


MMBZ5224BLT1 


18D 


20 


2.8 


1400 


30 


75 


1 


MMR75225RI T1 


18E 


20 




1600 


29 


50 


. 


MMBZ5226BLT1 


8A 


20 


3.3 


1600 


28 


25 


1 


MMBZ5227BLT1 


8B 


20 


3.6 


1700 


24 


15 


1 


MMBZS228BLT1 


8C 


20 


3.9 


1900 


23 


10 


1 


MMBZ5229BLT1 


8D 


20 


4.3 


2000 


22 


5 


1 


MMBZ5230BLT1 


8E 


20 


4.7 


1900 


19 


5 


2 


MMBZ5231BLT1 


8F 


20 


5.1 


1600 


17 


5 


2 


MMBZ5232BLT1 


8G 


20 


5.6 


1600 


11 


5 


3 


MMBZ5233BLT1 


8H 


20 


6 


1600 


7 


5 


3.5 


MMBZ5234BLT1 


8J 


20 


6.2 


1000 


7 


5 


4 


MMBZ5235BLT1 


8K 


20 


6.8 


750 


5 


3 


5 


MMBZ5236BLT1 


8L 


20 


7.5 


500 


6 


3 


6 


MMBZ5237BLT 1 


8M 


20 


8.2 


500 


8 


3 


6.5 


MMd^o238dLi 1 


8N 


20 


8.7 


600 


8 


3 


6.5 


MMBZ5239BLT1 


8P 


20 


9.1 


600 


10 


3 


7 


MMt»Z524V a L J 7 


or\ 
oU 


20 


10 


600 


17 


3 


8 


MMR7S241 Rl T1 


8R 


20 


\\ 


600 


22 


2 


8 4 


MMBZS242BLT1 


8S 


20 


12 


600 


30 


1 


9.1 


MMBZ5243BLT1 


8T 


9.5 


13 


600 


13 


0.5 


9.9 


MMBZ5244BLT1 


8U 


9 


14 


600 


15 


0.1 


10 


MMBZ5245BLT1 


8V 


8.5 


15 


600 


16 


0.1 


11 


MMBZ5246BLT1 


8W 


7.8 


16 


600 


17 


0.1 


12 


MMBZ5247BLT1 


8X 


7.4 


17 


600 


19 


0.1 


13 


MMBZ5248BLT1 


8Y 


7 


18 


600 


21 


0.1 


14 


MMBZ5249BLT1 


8Z 


6.6 


19 


600 


23 


0.1 


14 


UMBZS250BLT1 


81A 


6.2 


20 


600 


25 


0.1 


15 


MMBZ5251BLT1 


81 B 


5.6 


22 


600 


29 


0.1 


17 


MMBZ5252BLT1 


81 C 


5.2 


24 


600 


33 


0.1 


18 


MMBZ5253BLT1 


81 D 


5 


25 


600 


35 


0.1 


19 


MMBZ52S4BLT1 


81 E 


4.6 


27 


600 


41 


0.1 


21 


MMBZ5255BLT1 


81 F 


4.5 


28 


600 


44 


0.1 


21 


MMBZ5256BLT1 


81 G 


4.2 


30 


600 


49 


0.1 


23 


MMBZ5257BLT1 


81 H 


3.8 


33 


700 


58 


0.1 


25 


MMBZ5258BLT1 


81 J 


3.4 


36 


700 


70 


0.1 


27 


MMBZ5259BLT1 


81 K 


3.2 


39 


800 


80 


0.1 


30 


MMBZ5260BLT1 


81 L 


3 


43 


900 


93 


0.1 


33 



(20)v z is measured at pulse test current (l ZT ) at an ambient temperature of 25°C. 



Devices listed in bold, italic are Motorola preferred devices. 
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Zener Diodes 



Table 16. 225 mW Rating on FR-5 Board - Case 318-07 - SOT-23 (continued) 



ELECTRICAL CHARACTERISTICS (Pinout: 1-Anode, 2-NC, 3-Cathode) (V F = 0.9 V Max @ 


lp = 1 mA for all types.) 






i est 


Zonor 




£ ZT 










Curront 


Vol tana 


^ZK 


■Z - 'ZT 


Max 








l7T 


Vt (±5%) 


lz = 0.25 mA 


@ 10% Mode 


Ir ( 


— ■ pi 


Device 


Marking 


mA 


Nominal ( 20 ) 


Q Max 


Q Max 


MA 


V 


MMBZ5261BLT1 


81 M 


2.7 


47 


1000 


105 


0.1 


36 


MMBZ5262BLT1 


81 N 


2.5 


51 


1100 


125 


0.1 


39 


MMBZ5263BLT1 


81 P 


2.2 


56 


1300 


150 


0.1 


43 


MMBZ5264BLT1 


81 Q 


2.1 


60 


1400 


170 


0.1 


46 


MMBZ5265BLT1 


81 R 


2 


62 


1400 


185 


0.1 


47 


MMBZ5266BLT1 


81S 


1.8 


68 


1600 


230 


0.1 


52 


MMBZ5267BLT1 


81T 


1.7 


75 


1700 


270 


0.1 


56 


MMBZ5268BLT1 


81U 


1.5 


82 


2000 


330 


0.1 


62 


MMBZ5269BLT1 


81V 


1.4 


87 


2200 


370 


0.1 


68 


MMBZ5270BLT1 


81W 


1.4 


91 


2300 


400 


0.1 


69 



Table 17. 500 mW Rating on FR-4 or FR-5 Board - Case 425 - SOD-123 




CASE 425 STYLE 1 
PLASTIC 



ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted! 24 ), (V F = 0.9 V Max. @ l F = 1 mA for all types) 







Zener Voltage 

Vzffl'ZT 
Volts(24)(25) 


Test 
Voltage 

Vr 

Volts 


Max Zener 
Impedance! 21 ! 


Max Reverse 
Leakage 
Current 


Test 
Voltage 
Vr 

Volts 


Type 
Number 


Marking 


Nom 


Mln 


Max 


ZZT 
@ IZ = IZT 

Q 


ZZK 

@ Izk = 0.25 mA 

Q 


"R@Vr 
uA 


MMSZ5221BT1 


C1 


2.4 


2.28 


2.52 


20 


30 


1200 


100 




MMSZ5222BT1 


C2 


2.5 


2.38 


2.63 


20 


30 


1250 


100 




MMSZ5223BT1 


C3 


2.7 


2.57 


2.84 


20 


30 


1300 


75 




MMSZ5224BT1 


C4 


2.8 


2.66 


2.94 


20 


30 


1400 


75 




MMSZ5225BT1 




3.0 


2.85 


3.15 


20 


30 


1600 


50 




MMSZ5226BT1 


D1 


3.3 


3.14 


3.47 


20 


28 


1600 


25 




MMSZ5227BT1 


D2 


3.6 


3.42 


3.78 


20 


24 


1700 


15 




MMSZ5228BT1 


D3 


3.9 


3.71 


4.10 


20 


23 


1900 


10 




MMSZS229BT1 


D4 


4.3 


4.09 


4.52 


20 


22 


2000 


5 




MMSZS230BT1 


D5 


4.7 


4.47 


4.94 


20 


19 


1900 


5 


2 



( 2n )v z is measured at pulse test current (Itj) at an ambient temperature of 25°C. 

< 21 ) Zzj and Zz K are measured by dividing the AO voltage drop across the device by the AC current applied. 



The specified limits are for Iz(AC) - °- 1 'Z(OC)' wi,h ,rle Ac frequency - 1 kHz. 
I 24 ) Nominal zener voltage is measured with the device junction in thermal equilibrium at T|_ - 30°C ± 1 °C. 
< 25 ) All part numbers shown indicate a V z tolerance of ±5%. 



Devices listed in bold, italic are Motorola preferred devices. 
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Zener Diodes 

Table 17. 500 mW Rating on FR-4 or FR-5 Board - Case 425 - SOD-123 (continued) 



ELECTRICAL CHARACTERISTICS Ha = Z5°C unless otherwise noted! 24 ), (Vp > 0.9 V Max. @ lp = 1 mA for a 







Zener Voltage 

Vz @ 'ZT 
Volt8<24>(25) 


Test 
Voltage 
Vr 

Volts 


Max Zener 
Impedance) 21 ) 


Max Reverse 
Leakage 
Current 


Test 
Voltage 
VR 

Volts 


Typo 
Number 


Marking 


Nom 


Mln 


Max 


ZZT 

<3> IZ = 'ZT 


ZZK 

t£u 'ZK u-*o ina 

Q 


>R@Vr 

uA 


MMSZS231BT1 


E1 


5.1 


4.85 


5.36 


20 


17 


1600 


5 


2 


MMSZS232BT1 


E2 


5.6 


5.32 


5.88 


20 


11 


1600 


5 


3 


MMSZ5233BT1 


E3 


6.0 


5.70 


6.30 


20 


7 


1600 


5 


3.5 


MMSZ5234BT1 


E4 


6.2 


5.89 


6.51 


20 


7 


1000 


5 


4 


MMSZ5235BT1 


E5 


6.8 


6.46 


7.14 


20 


5 


750 


3 


5 


MMSZ5236BT1 


F1 


7.5 


7.13 


7.88 


20 


6 


500 


3 


6 


MMSZ5237BT1 


F2 


8.2 


7.79 


8.61 


20 


8 


500 


3 


6.5 


MMSZ5238BT1 


F3 


8.7 


8.27 


9.14 


20 


8 


600 


3 


6.5 


MMSZ5239BT1 


F4 


9.1 


8.65 


9.56 


20 


10 


600 


3 


7 


MMSZS240BT1 


F5 


10 


9.50 


10.50 


20 


17 


600 


3 


8 


MMSZ5241BT1 


H1 


11 


10.45 


11.55 


20 


22 


600 


2 


8.4 


MMSZS242BT1 


H2 


12 


11.40 


12.60 


20 


30 


600 


1 


9.1 


MMSZ5243BT1 


H3 


13 


12.35 


13.65 


9.5 


13 


600 


0.5 


9.9 


MMSZ5244BT1 


H4 


14 


13.30 


14.70 


9.0 


15 


600 


0.1 


10 


MMSZS245BT1 


H5 


15 


14.25 


15.75 


8.5 


16 


600 


0.1 


11 


MMSZ5246BT1 


J1 


16 


15.20 


16.80 


7.8 


17 


600 


0.1 


12 


MMSZ5247BT1 


J2 


17 


16.15 


17.85 


7.4 


19 


600 


0.1 


13 


MMSZS248BT1 


J3 


18 


17.10 


18.90 


7.0 


21 


600 


0.1 


14 


MMSZ5249BT1 


J4 


19 


18.05 


19.95 


6.6 


23 


600 


0.1 


14 


MMSZS250BT1 


J5 


20 


19.00 


21.00 


6.2 


25 


600 


0.1 


15 


MMSZ5251BT1 


K1 


22 


20.90 


23.10 


5.6 


29 


600 


0.1 


17 


MMSZ5252BT1 


K2 


24 


22.80 


25.20 


5.2 


33 


600 


0.1 


18 


MMSZ5253BT1 


K3 


25 


23.75 


26.25 


5.0 


35 


600 


0.1 


19 


MMSZ5254BT1 


K4 


27 


25.65 


28.35 


4.6 


41 


600 


0.1 


21 


MMSZ5255BT1 


K5 


28 


:>6.60 


29.40 


4.5 


44 


600 


0.1 


21 


MMSZ5256BT1 


M1 


30 


28.50 


31.50 


4.2 


49 


600 


0.1 


23 


MMSZ5257BT1 


M2 


33 


31.35 


34.65 


3.8 


58 


700 


0.1 


25 


MMSZ5258BT1 


M3 


36 


34.20 


37.80 


3.4 


70 


700 


0.1 


27 


MMSZ5259BT1 


M4 


39 


37.05 


40.95 


3.2 


80 


800 


0.1 


30 


MMSZ5260BT1 


M5 


43 


■10.85 


45.15 


3.0 


93 


900 


0.1 


33 


MMSZ5261BT1 


N1 


47 


44.65 


49.35 


2.7 


105 


1000 


0.1 


36 


MMSZ5262BT1 


N2 


51 


48.45 


53.55 


2.5 


125 


1100 


0.1 


39 


MMSZ5263BT1 


N3 


56 


53.20 


58.80 


2.2 


150 


1300 


0.1 


43 


MMSZ5264BT1 


N4 


60 


£7.00 


63.00 


2.1 


170 


1400 


0.1 


46 


MMSZ5265BT1 


N5 


62 


513.90 


65.10 


2.0 


185 


1400 


0.1 


47 


MMSZ5266BT1 


P1 


68 


64.60 


71.40 


1.8 


230 


1600 


0.1 


52 


MMSZ5267BT1 


P2 


75 


71.25 


78.75 


1.7 


270 


1700 


0.1 


56 


MMSZ5268BT1 


P3 


82 


77.90 


86.10 


1.5 


330 


2000 


0.1 


62 


MMSZ5269BT1 


P4 


87 


82.65 


91.35 


1.4 


370 


2200 


0.1 


68 


MMSZ5270BT1 


P5 


91 


86.45 


95.55 


1.4 


400 


2300 


0.1 


69 



( 21 ) Z ZT and Zzk are measured by dividing the AC voltage drop across the device by the AC current applied. 

The specified limits are for Iz(AC) " 01 'Z(DC)' *' 1n tne AC frequency - 1 kHz. 
(24) Nominal zener voltage is measured with the device junction in thermal equilibrium at T|_ - 30°C ± 1 °C. 
( z5 > All part numbers shown indicate a V z tolerance ol +5%. 



Devices listed in bold, italic are Motorola preferred devices. 
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Table 18. 500 mW Rating on FR-4 or FR-5 Board - Case 425 - SOD-123 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted(24), (V F = 


0.9 V Max. @ lp - 10 mA for all types) 




Type 
Number 




Zener Voltage 
V z @ l ZT = 50 nA 
Volts(24)(25) 


Max Reverse 
Leakage 
Current 
Ir@Vr 

uA 


Test 
Vnltanft 

VR 


Marking 


Nom 


Mln 


Max 


Volts 


MMSZ4678T1 


CC 


1.8 


1.71 


1.89 


7.5 




MMSZ4679T1 


CD 


2.0 


1.90 


2.10 


5 




MMSZ4680T1 


CE 


2.2 


2.09 


2.31 


4 


1 


MMSZ4681T1 


CF 


2.4 


2.28 


2.52 


2 


1 


MMSZ4682T1 


CH 


2.7 


2.57 


2.84 


1 


1 


MMSZ4683T1 


CJ 


3.0 


2.85 


3.15 


0.8 


. 


MMSZ4684T1 


CK 


3.3 


3.14 


3.47 


7.5 


1.5 


MMSZ4685T1 


CM 


3.6 


3.42 


3.78 


7.5 


2 


MMSZ4686T1 


CN 


3.9 


3.71 


4.10 


5 


2 


MMSZ4687T1 


CP 


4.3 


4.09 


4.52 


4 


2 


MMSZ4688T1 


CT 


4.7 


4.47 


4.94 


10 




MMSZ4689T1 


CU 


5.1 


4.85 


5.36 


10 


3 


MMSZ4690T1 


CV 


5.6 


5.32 


5.88 


10 


4 


MMSZ4691T1 


CA 


6.2 


5.89 


6.51 


10 


5 


MMSZ4692T1 


CX 


6.8 


6.46 


7.14 


10 


5.1 


MMSZ4693T1 


CY 


7.5 


7.13 


7.88 


10 


R 7 
O.t 


MMSZ4694T1 


CZ 


8.2 


7.79 


8.61 


1 


6.2 


MMSZ4695T1 


DC 


8.7 


8.27 


9.14 


1 


6.6 


MMSZ4696T1 


DD 


9.1 


8.65 


9.56 


1 


6.9 


MMSZ4697T1 


DE 


10 


9.50 


10.50 


1 


7.6 


MMSZ4698T1 


DF 


11 


10.45 


11.55 


0.05 


n a 


MMSZ4699T1 


DH 


12 


11.40 


12.60 


0.05 


9.1 


MMSZ4700T1 


DJ 


13 


12.35 


13.65 


0.05 


9.8 


MMSZ4701T1 


DK 


14 


13.30 


14.70 


0.05 


10.6 


MMSZ4702T1 


DM 


15 


14.25 


15.75 


0.05 


11.4 


MMSZ4703T1 


DN 


16 


15.20 


1 6.80 


0.05 


10 1 
l£. I 


MMSZ4704T1 


DP 


17 


16.15 


17.85 


0.05 


12.9 


MMSZ4705T1 


DT 


18 


17.10 


18.90 


0.05 


13.6 


MMSZ4706T1 


DU 


19 


18.05 


19.95 


0.05 


14.4 


MMSZ4707T1 


DV 


20 


19.00 


21.00 


0.01 


15.2 


MMSZ4708T1 


DA 


22 


20.90 


23.10 


0.01 


16.7 


MMSZ4709T1 


DZ 


24 


22.80 


25.20 


0.01 


18.2 


MMSZ4710T1 


DY 


25 


23.75 


26.25 


0.01 


19.00 


MMSZ4711T1 


EA 


27 


25.65 


28.35 


0.01 


20.4 


MMSZ4712T1 


EC 


28 


26.60 


29.40 


0.01 


21.2 


MMSZ4713T1 


ED 


30 


28.50 


31J50 


0.01 


22.8 


MMSZ4714T1 


EE 


33 


31.35 


34 .'55 


0.01 


25.0 


MMSZ4715T1 


EF 


36 


34.20 


37.80 


0.01 


27.3 


MMSZ4716T1 


EH 


39 


37.05 


40 95 


0.01 


29.6 


MMSZ4717T1 


EJ 


43 


40.85 


45.15 


0.01 


32.6 



(24) Nominal zener voltage is measured with the device junction in thermal equilibrium at Tl « 30°C ± 1 °C. 
All part numbers shown indicate a tolerance of ±5%. 



Devices listed in bold, italic are Motorola preferred devices. 
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Table 19. 500 mW Rating on FR-4 or FR-5 Board — Case 425 — SOD-123 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 25 ). (Vp = 0.9 V Max. @ lp - 1 mA for all types) 







Zener Voltage 

Vzi (Volts) 
@ Izti =5mA 
(25)(27) 


Ugv 7anar 

rYiax £sner 
Impedance 

ZZT1 
@ Izji = 5 mA 
(21) 

Q 


Max 
Reverse 
Leakage 
Current 


Zener Voltage 

V Z2 (Volts) 
@ Izj2 = 1 mA 
(27) 


mQ A LOIICl 

Impedance 
Z ZT2 
@ IZT1 = 1 m A 
(21) 

n 


Type 
Number 


Marking 


Nom 


Mln 


Max 


IR < 
uA 


Volts 


Mln 


Max 


MMSZ2V4T1 


T1 


2.4 


2.28 


2.52 


100 


50 


1 


1.7 


2.1 


600 


MMSZ2V7T1 


T2 


2.7 


2.57 


2.84 


100 


20 


1 


1.9 


2.4 


600 


MMSZ3V0T1 


T3 


3.0 


2.85 


3.15 


95 


10 


1 


2.1 


2.7 


600 


MMSZ3V3T1 


T4 


3.3 


3.14 


3.47 


95 


5 


1 


2.3 


2.9 


600 


MMSZ3V6T1 


T5 


3.6 


3.42 


3.78 


90 


5 


1 


2.7 


3.3 


600 


MMSZ3V9T1 


U1 


3.9 


3.71 


4.10 


90 


3 




2.9 


3.5 


600 


MMSZ4V3T1 


U2 


4.3 


4.09 


4.52 


90 


3 


1 


3.3 


4.0 


600 


MMSZ4V7T1 


U3 


4.7 


4.47 


4.94 


80 


3 


2 


3.7 


4.7 


500 


MMSZ5V1T1 


U4 


5.1 


4.85 


5.36 


60 


2 


2 


4.2 


5.3 


480 


MMSZ5V6T1 


U5 


5.6 


5.32 


5.88 


40 


1 


2 


4.8 


6.0 


400 


MMSZ6V2T1 


V1 


6.2 


5.89 


6.51 


10 


3 


4 


5.6 


6.6 


150 


MMSZ6V8T1 


V2 


6.8 


6.46 


7.14 


15 


2 


4 


6.3 


7.2 


80 


MMSZ7V5T1 


V3 


7.5 


7.13 


7.88 


15 


1 


S 


6.9 


7.9 


80 


MMSZ8V2T1 


V4 


8.2 


7.79 


8.61 


15 


0.7 


5 


7.6 


8.7 


80 


MMSZ9V1T1 


V5 


9.1 


8.65 


9.56 


15 


0.5 


6 


8.4 


9.6 


100 


MMSZ10T1 


A1 


10 


9.50 


10.50 


20 


0.2 


7 


9.3 


10.6 


150 


MMSZ11T1 


A2 


11 


10.45 


11.55 


20 


0.1 


8 


10.2 


11.6 


150 


MMSZ12T1 


A3 


12 


11.40 


12.60 


25 


0.1 


8 


11.2 


12.7 


150 


MMSZ13T1 


A4 


13 


12.35 


13.65 


30 


0.1 


8 


12.3 


14.0 


170 


MMSZ15T1 


A5 


15 


14.25 


15.75 


30 


0.05 


10.5 


13.7 


15.5 


200 


MMSZ16T1 


X1 


16 


15.20 


16.80 


40 


0.05 


11.2 


15.2 


17.0 


200 


MMSZ18T1 


X2 


18 


17.10 


18.90 


45 


0.05 


12.6 


16.7 


19.0 


225 


MMSZ20T1 


X3 


20 


19.00 


21.00 


55 


0.05 


14 


18.7 


21.1 


225 


MMSZ22T1 


X4 


22 


20.80 


23.10 


55 


0.05 


15.4 


20.7 


23.2 


250 


MMSZ24T1 


X5 


24 


22.80 


25.20 


70 


0.05 


16.8 


22.7 


25.5 


250 



( 21 ) Zzj and Z£k are measured by dividing the AC voltage drop across the device by the AC current applied. 

The specified limits are for 'z(AC) = °- 1 'Z(DC)- with the AC frequency - 1 kHz. 
< 24 ) Nominal zener voltage is measured with the device junction in thermal equilibrium at T|_ - 30°C ± 1 °C. 
(25) All part numbers shown indicate a V z tolerance of ±5%. 
< 27 ) Zener voltage is measured with the zener current applied for PW = 1 .0 ms. 



Devices listed in bold, italic are Motorola preferred devices. 
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Table 20. 500 mW Rating on FR-4 or FR-5 Board — Case 425 — SOD-123 







Zener Voltage 

V Z1 (Volts) 
@ Izn = 2 mA 
(25)(27) 


Max Zener 
Impedance 

ZZT1 
@ Izti = 2 mA 

I* 1 1 

Q 


Max 
Reverse 
Leakage 
Current 


Zener Voltage 

V Z2 (Volts) 
@IZT2 = 0.1 mA 
(27) 


Max Zener 
Impedance 

Z ZT2 
@ Izn = 0.5 
mA 


Type 
Number 


Markinn 

■Via I rv 1 1 1 y 


Nom 


Mln 


Max 


|R 

uA 


§> Vr 
volts 


Mln 


Max 


MMSZ27T1 


Y1 


27 


25.65 


28.35 


80 


0.05 


18.9 


25 


28.9 


300 


MMSZ30T1 


Y2 


30 


28.50 


31.50 


80 


0.05 


21 


27.8 


32 


300 


MMSZ33T1 


Y3 


33 


31.35 


34.65 


80 


0.05 


23.1 


30.8 


35 


325 


MrvloZoo I I 


Y4 


36 


34.20 


37.80 


90 


0.05 


25.2 


33.8 


38 


350 


MMSZ39T1 


Y5' 


39 


37.05 


40.95 


130 


0.05 


27.3 


36.7 


41 


350 


MMSZ43T1 


21 


43 


40.85 


45.15 


150 


0.05 


30.1 


39.7 


46 


375 


MMSZ47T1 


Z2 


47 


44.65 


49.35 


170 


0.05 


32.9 


43.7 


50 


375 


MMSZ51T1 


Z3 


51 


48.45 


53.55 


180 


0.05 


35.7 


47.6 


54 


400 


MMSZ56T1 


Z4 


56 


53.20 


58.80 


200 


0.05 


39.2 


51 .5 


60 


425 


MMSZ62T1 


Z5 


62 


58.90 


65.10 


215 


0.05 


43.4 


57.4 


66 


450 


MMSZ68T1 


Z6 


68 


64.60 


71.40 


240 


0.05 


47.6 


63.4 


72 


475 


MMSZ75T1 


Z7 


75 


71.25 


78.75 


255 


0.05 


52.5 


69.4 


79 


500 



( 21 ) Z zl - and Z z k are measured by dividing the AC voltage drop across the device by the AC current applied. The specified (imits are for 

! Z(AC) * °- 1 'Z(DC)' witn ,ne AC frequency - 1 kHz 
< 23 ) The zener impedance, Zzt2. f ° r lh e 27 through 75 volt types is tested at 0.5 mA rather than the test current of 0.1 mA used for V^- 
( 25 ) All part numbers shown indicate a V z tolerance of ±5% 
( 27 ) Zener voltage is measured with the zener current applied for PW - 1 .0 ms. 



Devices listed in bold, italic are Motorola preferred devices. 
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Voltage Reference Diodes 

Temperature Compensated 
Reference Devices 

For applications where output voltage must remain within narrow 
limits during changes in input voltage, load resistance and 
temperature. Motorola guarantees all reference devices to fall 
within the specified maximum voltage variations, AVz, at the 
specifically indicated test temperatures and test current (JEDEC 
Standard #5). Temperature coefficient is also specified but 
should be considered as a reference only — not a maximum 
rating. 

Devices in this table are hermetically sealed structures. 



Table 21. Temperature Compensated Reference Devices 









AVERAGE TEMPERATURE COEFFICIENT OVER THE OPERATING RANGE 








0.01 %/°c 


0.005 %/°C 


0.002 %/°C 


0.001 w 


0.0005 %/°C 




Test 


Test!*) 








AV Z 








AV Z 




4V Z 


v z 


Current 


Temp 


Device 


Max 


Device 


Max 


Device 


Max 


Device 


Max 


Device 


Max 


Volts 


mAdc 


Points 


Type 


Volts 


Type 


Volts 


Type 


Volts 


Type 


Volts 


Type 


Volts 


6.2(1) 


7.5 


A 


1N821 


0.096 


1N823 


0.048 


1N825 


0.019 


1N827 


0.009 


1N829 


0.005 


8.2(1) 


7.5 


A 


1NB21A 


0.096 


1N823A 


0.048 


1N825A 


0.019 


1N827A 


0.009 


1N829A 


0.005 



(1 ) Non-suffix — Zzj « 1 5 ohms, "A" Suffix — Zzj - 1 ohms 
< 2 ) Test Temperature Points "C: A . -55, 0, +25, +75, +100 



Glass 
CASE 299 
DO-204AH 
(DO- 35) 



Cathode = Polarity Band 



Current Regulator Diodes 

High impedance diodes whose "constant current source" characteristic complements the "constant voltage" of the zener line. 
Currents are available from 0.22 to 4.7 mA, with usable voltage range from a minimum limit of 1 .0 to 2.5 Volts, up to a voltage 
compliance of 1 00 Volts, for the 1 N5283 series. 

Table 22. Current Regulator Diodes 




DO-204AA - GLASS 
(0O-7) 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



Type No. 



Regulator Current 
lp(mA)@V T = 25V 



Norn 



Mln 



Max 



Minimum 
Dynamic 
Impedance 
@ V T = 25 V 
Z T (Mfi) 



Minimum 

Knee 
Impedance 
@ Vk = 6.0 V 
Z K (M£2) 



Maximum 
Limiting Voltage 
@ li_ = 0.8 Ip (mln) 
Vl (Volts) 



1N52S3 

1N5284 
1N5285 
1N5286 
1N5287 



0.22 
0.24 
0.27 
0.30 
0.33 



0.198 
0.216 
0.243 
0.270 
0.297 



0.242 
0.264 
0.297 
0.330 
0.363 



25.0 
19.0 
14.0 
9.0 
6.6 



2.75 
2.35 
1.95 
1.60 
1.35 



1.00 
1.00 
1.00 
1.00 
1.00 



Devices listed in bold, italic are Motorola preferred devices. 
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Table 22. Current Regulator Diodes (continued) 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 










Minimum 


Minimum 






Regulator Current 


Dynamic 


Knee 


Maximum 








£D V 


Impedance 


Impedance 


Limiting Voltage 










@ V T = 25 V 


@V« = 6.0 V 


@ l|_ = 0.8 Ip (mln) 


Typo No. 


worn 


Mln 


May 

ma a 


Z T (M£2) 


Z K (MQ) 


Vl (Volts) 


1N5288 


0.39 


0.351 


0.429 


4.10 


1.00 


1.05 


1N5289 


0.43 


0.387 


0.473 


3.30 


0.870 


1.05 


1N5290 


0.47 


0.423 


0.517 


2.70 


0.750 


1.05 


1NS291 


0.56 


0.504 


0.616 


1.90 


0.580 


1.10 


1N5292 


0.62 


0.558 


0.682 


1.55 


0.470 


1.13 


1 N5293 


0.68 


0.612 


0.748 


1.35 


0.400 


1.15 


1N5294 


0.75 


0.675 


0.825 


1.15 


0.335 


1.20 


1N5295 


0.82 


0.738 


0.902 


1.00 


0.290 


1.25 


1N5296 


0.91 


0.819 


1.001 


0.880 


0.240 


1.29 


1N5297 


1.00 


0.900 


1.100 


0.800 


0.205 


1.35 


1N5298 


1.10 


0.990 


1.210 


0.700 


0.180 


1 .40 


4 AJf AAA 

1N5299 


1.20 


1.08 


1.32 


0.640 


0.155 


1 .45 


1 N5300 


1.30 


1.17 


1.43 


0.580 


0.135 


1.50 


1N5301 


1.40 


1.26 


1.54 


0.540 


0.115 


1.55 


1N5302 


1.50 


1.35 


1.65 


0.510 


0.105 


1.60 




1.60 


1.44 


1.76 


0.475 


0.092 


1 .65 


1 N5304 


1.80 


1.62 


1.98 


0.420 


0.074 


1 .75 


1N5305 


2.00 


1.80 


2.20 


0.395 


0.061 


1.85 


1N5306 


2.20 


1.98 


2.42 


0.370 


0.052 


1.95 


1NS307 


2.40 


2.16 


2.64 


0.345 


0.044 


2.00 


1N5308 


2.70 


2.43 


2.97 


0.320 


0.035 


2.15 


1N5309 


3.00 


2.70 


3.30 


0.300 


0.029 


2.25 


1N5310 


3.30 


2.97 


3.63 


0.280 


0.024 


2.35 


1N5311 


3.60 


3.24 


3.96 


0.265 


0.020 


2.50 


1N5312 


3.90 


3.51 


4.29 


0.255 


0.017 


2.60 


1NS313 


4.30 


3.87 


4.73 


0.245 


0.014 


2.75 


1N5314 


4.70 


4.23 


5.17 


0.235 


0.012 


2.90 



Devices listed in bold, italic are Motorola preferred devices. 
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Transient Voltage 
Suppressors — 
Axial Leaded 
Data Sheets 



500 Watt Peak Power 

SA5.0A through SA170A 4-2 

600 Watt Peak Power 

P6KE6.8A through P6KE200A 4-6 

1500 Watt Peak Power 

General Data — 1500 Watt 4-12 

1N5908 4-16 

1N6267A through 1N6303A, 1.5KE6.8A through 

1.5KE250A 4-17 

1 N6373 through 1 N6389, ICTE-5 through 

ICTE-45C and MPTE-5 through MPTE-45C . 4-19 
Overvoltage 110 Amp Repetitive Peak 

MR2535L 4-21 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Zener Transient Voltage Suppressors 
Unidirectional and Bidirectional 

The SA5.0A series is designed to protect voltage sensitive components from high volt- 
age, high energy transients. They have excellent clamping capability, high surge capability, 
low zener impedance and fast response time. The SA5.0A series is supplied in Motorola's 
exclusive, cost-effective, highly reliable Surmetic axial leaded package and is ideally-suited 
for use in communication systems, numerical controls, process controls, medical equip- 
ment, business machines, power supplies and many other industrial/consumer applications. 

Specification Features: 

• Stand-off Zener Voltage Range — 5 to 1 70 V 

• Peak Power — 500 Watts @ 1 ms 

• Maximum Clamp Voltage @ Peak Pulse Current 

• Low Leakage < 1 uA Above 8.5 Volts 

• Maximum Temperature Coefficient Specified 

• Response Time is Typically Less than 1 ns 



SA5.0A 
through 
SA170A 



MOSORB 
ZENER OVERVOLTAGE 
TRANSIENT 
SUPPRESSORS 
5-170 VOLT 
500 WATT PEAK POWER 
3 WATT STEADY STATE 



Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by polarity band. When operated in zener mode, will be 

positive with respect to anode 
MOUNTING POSITION: Any 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Guadalajara, Mexico 




MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Peak Power Dissipation (1) 
@ T L < 25°C 


PPK 


500 


Watts 


Steady State Power Dissipation 
@ T L < 75°C, Lead Length = 3/8' 
Derated above Tl = 75°C 


PD 


3 

30 


Watts 
mW/°C 


Forward Surge Current (2) 
@ T A = 25-C 


Ifsm 


70 


Amps 


Operating and Storage Temperature Range 


Tj, T stg 


-55 to +175 





Lead Temperature not less than 1/1 6" from the case for 1 seconds: 230°C 

NOTES: 1 . Nonrepetitive current pulse per Figure 4 and derated above T^ - 25°C per Fgure 2. 

2. 1/2 sine wave (or equivalent square wave). PW - 8.3 ms. duty cycle - 4 pulses per minute maximum. 



500 Watt Peak Power Data Sheet 
4-2 



Motorola TVS/Zener Device Data 



SA5.0A through SA170A 



ELECTRICAL CHARACTERISTICS OA - 25°C unless otherwise noted) Vp = 3.5 V Max, lp* = 35 A (except bidirectional devices). 





Breakdown Voltage 


wonting KeaK 


Maximum 


Ma yi mil m 

mo Al 1 I 1 U 1 1 1 


U 3 vl mi ■ m 

Maximum 


r>"a xi m u m 




VBRtt 
(Volts) 


<& 'T 


Voltage 

v rwm" 

(Volts) 


Rovers© 
Leakage 

@ Vrwm 

|R(HA) 


Reverse 
Surge 
Current iRSMt 
(Amps) 


Daueru Vnltano 
nOYOisO vuiidyt? 

@ IrsM 
(Clamping Voltage) 
VRSM (Volts) 


vkji lay o 

Temperature 
Variation 


Device 


Mln 


Max 




of V B R mV/°C 


SA5.0A 


6.4 


7 


10 


5 


600 


54.3 


9.2 


5 


SA6.0A 


6.67 


7.37 


10 


6 


600 


48.5 


10.3 


5 


SA6.5A 


7.22 


7.98 


10 


6.5 


400 


44.7 


11.2 


5 


SA7.0A 


7.78 


8.6 


10 


7 


150 


41.7 


12 


6 


SA7.5A 


8.33 


9.21 


1 


7.5 


50 


38.8 


12.9 


7 


SA8.0A 


8.89 


9.83 




8 


25 


36.7 


13.6 


7 


SA8.5A 


9.44 


10.4 




8.5 


5 


34.7 


14.4 


8 


SA9.0A 


10 


11.1 


1 


9 


1 


32.5 


15.4 


9 


SA10A 


11.1 


12.3 


1 


10 


1 


29.4 


17 


10 


SA11A 


12.2 


13.5 


' 


11 


f 


27.4 


18.2 


11 


SA12A 


13.3 


14.7 


1 


12 


1 


25.1 


19.9 


12 


SA13A 


14.4 


15.9 


1 


13 


1 


23.2 


21.5 


13 


SA14A 


15.6 


17.2 


1 


14 


1 


21.5 


23.2 


14 


SA15A 


16.7 


18.5 




15 


1 


20.6 


24.4 


16 


SA16A 


17.8 


19.7 


1 


16 


1 


19.2 


26 


17 


SA17A 


18.9 


20.9 


1 


17 


1 


18.1 


27.6 


19 


SA18A 


20 


22.1 




18 


1 


17.2 


29.2 


20 


SA20A 


22.2 


24.5 




20 


1 


15.4 


32.4 


23 


SA22A 


24.4 


26.9 




22 


1 


14.1 


35.5 


25 


SA24A 


26.7 


29.5 


1 


24 


1 


12.8 


38.9 


28 


SA26A 


28.9 


31.9 




26 


1 


11.9 


42.1 


30 


SA28A 


31.1 


34.4 




28 


1 


11 


45.4 


31 


SA30A 


33.3 


36.8 




30 


1 


10.3 


48.4 


36 


SA33A 


36.7 


40.6 


1 


33 


1 


9.4 


53.3 


39 


SA36A 


40 


44.2 




36 




8.6 


58.1 


41 


SA40A 


44.4 


49.1 




40 


, 


7.8 


64.5 


46 


SA43A 


47.8 


52.8 




43 


1 


7.2 


69.4 


50 


SA45A 


50 


55.3 


1 


45 


1 


6.9 


72.7 


52 


SA48A 


53.3 


58.9 




48 


1 


6.5 


77.4 


56 


SA51A 


56.7 


62.7 




51 


1 


6.1 


82.4 


61 


SA54A 


60 


66.3 




54 


1 


5.7 


87.1 


65 


SA58A 


64.4 


71.2 


1 


58 


1 


5.3 


93.6 


70 


SA60A 


66.7 


73.7 




60 


- 


5.2 


96.8 


71 


SA64A 


71.1 


78.6 




64 


) 


4.9 


103 


76 


SA70A 


77.8 


86 


j 


70 


1 


4.4 


113 


85 


SA75A 


83.3 


92.1 




75 


1 


4.1 


121 


91 


SA78A 


86.7 


95.8 




78 




4 


126 


95 


SA85A 


94.4 


104 




85 




3.6 


137 


103 


SA90A 


100 


111 




90 




3.4 


146 


110 


SA100A 


111 


123 




100 




3.1 


162 


123 


SA110A 


122 


135 




110 




2.8 


177 


133 


SA120A 


133 


147 




120 




2.5 


193 


146 


SA130A 


144 


159 




130 




2.4 


209 


158 


SA150A 


167 


185 




150 




2.1 


243 


184 


SA160A 


178 


197 




160 




1.9 


259 


196 


SA1 70A 


189 


209 




170 




1.8 


275 


208 



• 1/2 sine wave {or equivalent square wave). PW - 8.3 ms. duty cycle - 4 pulses per minute maximum. (continued) 
" MOSORB transient suppressors are normally selected according to the maximum reverse stand-on voltage (Vr^), which should be equal to or greater than the dc or continuous peak 
operating voltage level. 

t Surge current waveform per Figure 4 and derate per Figure 2. 
tt V BB measured at pulse test current l T at an ambient temperature ol 25'C. 



FOR BIDIRECTIONAL APPLICATIONS Preferred Bidirectional Devices — 

USE CA SUFFIX for SA6.0CA through SA170CA SA6.5CA SA13CA SA18CA 

Electrical characteristics apply In both directions. SA12CA SA15CA SA24CA 

Devices listed in bold, italic are Motorola preferred devices. 



Motorola TVS/Zener Device Data 
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500 Watt Peak Power Data Sheet 
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Motorola TVS/Zener Device Data 



Transient Voltage Suppressors — Axial Leaded 
500 Watt Peak Power 



E 



NOTES: 

1 . ALL RULES AND NOTES ASSOCIATED WITH JEDEC 
00-41 OUTLINE SHALL APPLY. 

2. POLARITY DENOTED BY CATHODE BAND. 

3. LEAD DIAMETER NOT CONTROLLED WITHIN F 
DIMENSION. 





MILLIMETERS 


INCHES 


DIM 


MIN I MAX 


MIN 


MAX 


A 


•: 97 




0.236 


0.260 


B 


279 


3.05 


0.110 


0.120 


D 


0.76 


0.86 


C.030 


0.034 


K 


27.94 


— 







CASE S9-04 
PLASTIC 



(Refer to Section 1 tor Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL 


5K 



(Refer to Section 1 for more information on Packaging Specifications.) 



Motorola TVS/Zener Device Data 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Zener Transient Voltage Suppressors 
Undirectional and Bidirectional 

The P6KE6.8A series is designed to protect voltage sensitive components from high 
voltage, high energy transients. They have excellent clamping capability, high surge 
capability, low zener impedance and fast response time. The P6KE6.8A series is supplied 
in Motorola's exclusive, cost-effective, highly reliable Surmetic axial leaded package and 
is ideally-suited for use in communication systems, numerical controls, process controls, 
medical equipment, business machines, power supplies and many other industrial/ 
consumer applications. 
Specification Features: 

• Standard Zener Voltage Range — 6.8 to 200 Volts 

• Peak Power — 600 Watts @ 1 ms 

• Maximum Clamp Voltage @ Peak Pulse Current 

• Low Leakage < 5 uA Above 1 Volts 

• Maximum Temperature Coefficient Specified 

• UL Recognition 

• Response Time is Typically < 1 ns 
Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by polarity band. When operated in zener mode, will be 

positive with respect to anode 
MOUNTING POSITION: Any 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seoul, Korea 



P6KE6.8A 
through 
P6KE200A 



ZENER OVERVOLTAGE 
TRANSIENT 
SUPPRESSORS 
6.8-200 VOLT 
600 WATT PEAK POWER 
5 WATTS STEADY STATE 



CASE 17, Style 1 
PLASTIC 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Peak Power Dissipation (1) 


PPK 


600 


Watts 


@ T L < 25'C 








Steady State Power Dissipation 


pd 


5 


Watts 


@ T L < 75°C, Lead Length = 3/8" 








Derated above Tl - 75°C 




50 


mW/'C 


Forward Surge Current (2) 


ifsm 


100 


Amps 


@ T A = 25°C 








Operating and Storage Temperature Range 


Tj, T stq 


-65 to +175 


°C 



Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C 



NOTES: 1 . Nonrepetitive current pulse per Figure 4 and derated above T A - 25'C per Figure 2. 

2. 1/2 sine wave (or equivalent square wave). PW - 8.3 ms. duty cycle - 4 pulses per minute maximum. 
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Motorola TVS/Zener Device Data 



P6KE6.8A through P6KE200A 



ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted) V F = 3.5 V Max, l F " = 50 A 
(except bidirectional devices). 





Breakdown Voltage* 


Working Peak 


Maximum 


Maximum 


Maximum 


Maximum 
Temperature 
uoenicieni 




V B R 
(Volts) 


@lT 


Reverse 
Voltage 
Vrwm 

(Volts) 


Reverse 
Leakage 

@VRWM 
Id (uAi 


Reverse 
Surge 
Current iRSMt 
(Amps) 


Reverse Voltage 

@|RSM 
(Clamping Voltage) 
Vdcm (Volts) 

"Horn 


Dovlco 


Mln 


Nom 


Max 


(mA) 


of Vrp (%/°C) 


P6KE6.8A 


6.45 


6.8 


7.14 


10 


5.8 


1000 


57 


10.5 


0.057 


P6KE7.5A 


7.13 


7.5 


7.88 


10 


6.4 


500 


53 


11.3 


0.061 


P6KE8.2A 


7 70 


ft o 


ft R1 


10 


7.02 


200 


50 


12.1 


0.065 


DCI/CQ 1 A 

rOI\ty. IM 


8.65 


9.1 


9.55 




7 7ft 


fin 
ou 




13 4 


0.068 


P6KE10A 


9.5 


10 


10.5 




8.55 


10 


41 


14.5 


0.073 


P6KE11A 
P6KE12A 


10.5 
11 .4 


11 


11.6 

10 ft 


1 


9.4 
10.2 


5 
5 


38 
36 


15.6 
16.7 


0.075 
0.078 


rbrVbl OA 


12.4 


13 


13.7 




11 .1 


5 


OO 


1 ft 


081 


P6KE1SA 


14.3 


15 


15.8 




12.8 


5 


28 


21.2 


0.084 


P6KE16A 


15.2 


16 


16.8 




13.6 


5 


27 


22.5 


0.086 


P6KE18A 


17 1 


I o 


1 ft Q 

i o.y 


1 


15.3 


5 


24 


25.2 


0.088 


ror\b2UA 


19 


20 


21 


1 


1 7.1 


5 


22 


07 7 
£.1.1 


n no 


P6KE22A 


20.9 


22 


23.1 




18.8 


5 


20 


30.6 


0.092 


P6KE24A 


22.8 


24 


25.2 




20.5 


5 


18 


33.2 


0.094 


P6KE27A 


OK 7 


27 


28.4 




23.1 


5 


16 


37.5 


0.096 


P6KE30A 


28.5 


30 


31.5 




25.6 


5 


14.4 


41 .4 


0.097 


P6KE33A 


31.4 


33 


34.7 




28.2 


5 


13.2 


45.7 


0.098 


P6KE36A 


34.2 


36 


37.8 




30.8 


5 


12 


49.9 


0.099 


P6KE39A 


or .1 


oy 


41 


1 


33.3 


5 


11.2 


53.9 


0.1 


rDr\b4oA 


40.9 


43 


45.2 


< 


36.8 


5 


10.1 


59.3 


U. 1 U i 


P6KE47A 


44.7 


47 


49.4 




40.2 


5 


9.3 


64.8 


0.101 


P6KE51A 


48.5 


51 


53.6 




43.6 


5 


8.6 


70.1 


0.102 


P6KE56A 


53.2 


56 


58.8 


1 


47.8 


5 


7.8 


77 


0.103 


PDKE62A 


oo.y 


0£ 


ft£ 1 
OO. 1 


1 


53 


5 


7.1 


85 


0.104 


P6KE68A 


64.6 


68 


71.4 




58.1 


5 


6.5 


92 


0.104 


P6KE75A 


71.3 


75 


78.8 




64.1 


5 


5.8 


103 


0.105 


P6KE82A 


77.9 


82 


86.1 




70.1 


5 


5.3 


113 


0.105 


P6KE91A 


86.5 


91 


95.5 




77.8 


5 


4.8 


125 


0.106 


P6KE100A 


95 


100 


105 




85.5 


5 


4.4 


137 


0.106 


P6KE110A 


105 


110 


116 




94 


5 


4 


152 


0.107 


P6KE120A 


114 


120 


126 




102 


5 


3.6 


165 


0.107 


P6KE130A 


124 


130 


137 




111 


5 


3.3 


179 


0.107 


P6KE150A 


143 


150 


158 




128 


5 


2.9 


207 


0.108 


P6KE160A 


152 


160 


168 




136 


5 


2.7 


219 


0.108 


P6KE170A 


162 


170 


179 




145 


5 


2.6 


234 


0.108 


P6KE180A 


171 


180 


189 




154 


5 


2.4 


246 


0.108 


P6KE200A 


190 


200 


210 




171 


5 


2.2 


274 


0.108 



• V BR measured alter l T applied lor 300 us. It - square wave pulse or equivalent. 
" 1/2 sine wave (or equivalent square wave). PW - 8.3 ms, duty cycle - 4 pulses per minute maximum, 
t Surge current waveform per Figure 4 and derate per Figure 2. 



FOR BIDIRECTIONAL APPLICATIONS - Preferred Bidirectional Devices — 

USE CA SUFFIX (or P6KE6.8CA through P6KE200CA. P6KE7.5CA P6KE11CA P6KE20CA 

Electrical characteristics apply In both directions. P6KE22CA P6KE27CA P6KE30CA 



Devices listed in bold, italic are Motorola preferred devices. 



Motorola TVS/Zener Device Data 
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P6KE6.8A through P6KE200A 





100 



Figure 5. Steady State Power Derating Figure 6. Typical Derating Factor (or Duty Cycle 
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Motorola TVS/Zener Device Data 



P6KE6.8A through P6KE200A 



APPLICATION NOTES 



RESPONSE TIME 

In most applications, the transient suppressor device is 
placed in parallel with the equipment or component to be 
protected. In this situation, there is a time delay associated 
with the capacitance of the device and an overshoot condition 
associated with the inductance of the device and the 
inductance of the connection method. The capacitance effect 
is of minor importance in the parallel protection scheme 
because it only produces a time delay in the transition from the 
operating voltage to the clamp voltage as shown in Figure A. 

The inductive effects in the device are due to actual turn-on 
time (time required for the device to go from zero current to full 
current) and lead inductance. This inductive effect produces 
an overshoot in the voltage across the equipment or 
component being protected as shown in Figure B. Minimizing 
this overshoot is very important in the application, since the 
main purpose for adding a transient suppressor is to clamp 
voltage spikes. The P6KE6.8A series has very good response 
time, typically < 1 ns and negligible inductance. However, 
external inductive effects could produce unacceptable over- 
shoot. Proper circuit layout, minimum lead lengths and placing 



the suppressor device as close as possible to the equipment 
or components to be protected will minimize this overshoot. 

Some input impedance represented by Zj n is essential to 
prevent overstress of the protection device. This impedance 
should be as high as possible, without restricting the circuit 
operation. 

DUTY CYCLE DERATING 

The data of Figure 1 applies for non-repetitive conditions 
and at a lead temperature of 25°C. If the duty cycle increases, 
the peak power must be reduced as indicated by the curves of 
Figure 6. Average power must be derated as the lead or 
ambient temperature rises above 25°C. The average power 
derating curve normally given on data sheets may be 
normalized and used for this purpose. 

At first glance the derating curves of Figure 6 appear to be in 
error as the 1 ms pulse has a higher derating factor than the 
1 us pulse. However, when the derating factor for a given 
pulse of Figure 6 is multiplied by the peak power value of 
Figure 1 for the same pulse, the results follow the expected 
trend. 



TYPICAL PROTECTION CIRCUIT 



Vin 



LOAD 



o- 




Motorola TVS/Zener Device Data 
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P6KE6.8A through P6KE200A 



UL RECOGNITION 



The entire series including the bidirectional CA suffix has 
Underwriters Laboratory Recognition for the classification of 
protectors (QVGV2) under the UL standard for safety 497B 
and File #E 116110. Many competitors only have one or two 
devices recognized or have recognition in a non-protective 
category. Some competitors have no recognition at all. With 
the UL497B recognition, our parts successfully passed 



several tests including Strike Voltage Breakdown test, 
Endurance Conditioning, Temperature test, Dielectric 
Voltage-Withstand test, Discharge test and several more. 

Whereas, some competitors have only passed a flammabil- 
ity test for the package material, we have been recognized for 
much more to be included in their protector category. 
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Motorola TVS/Zener Device Data 



Transient Voltage Suppressors — Axial Leaded 
600 Watt Peak Power 



-FT 



NOTE: 

1. LEAD DIAMETER a FINISH NOT CONTROLLED 
WITHIN DIM F. 



t 






K 

1 


1 



DIM 


INC 


HES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.330 


0.350 


8.38 


6.89 


B 


0.130 


0.145 


3.30 


3.68 


D 


0.037 


0.043 


0.94 


1.09 


F 




050 






K 


1.000 


1.250 


25.40 


31.75 



CASE 17-02 
PLASTIC 



STYLE 1: 

PIN1. ANODE 
2. CATHODE 



(Refer to Section 1 (or Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL 


4K 


Tape and Ammo 


TA 


2K 



(Refer to Section 1 for more information on Packaging Specifications.) 



Motorola TVS/Zener Device Data 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



1500 Watt MOSORB 

GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

Zener Transient Voltage Suppressors 
Unidirectional and Bidirectional 

Mosorb devices are designed to protect voltage sensitive components from high volt- 
age, high energy transients. They have excellent clamping capability, high surge capabili- 
ty, low zener impedance and fast response time. These devices are Motorola's exclusive, 
cost-effective, highly reliable Surmetic axial leaded package and are ideally-suited for use 
in communication systems, numerical controls, process controls, medical equipment, 
business machines, power supplies and many other industrial/consumer applications, to 
protect CMOS, MOS and Bipolar integrated circuits. 
Specification Features: 

• Standard Voltage Range — 6.2 to 250 V 

• Peak Power — 1 500 Watts @ 1 ms 

• Maximum Clamp Voltage @ Peak Pulse Current 

• Low Leakage < 5 uA Above 1 V 

• UL Recognition 

• Response Time is Typically < 1 ns 
Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant and 
POLARITY: Cathode indicated by polarity band. When 

positive with respect to anode 
MOUNTING POSITION: Any 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Guadalajara, Mexico 



are readily solderable 
in zener mode, will be 



GENERAL 
DATA 

1500 WATT 
PEAK POWER 



MOSORB 
ZENER OVERVOLTAGE 
TRANSIENT 
SUPPRESSORS 
6.2-250 VOLTS 
1500 WATT PEAK POWER 
5 WATTS STEADY STATE 




MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Peak Power Dissipation (1 ) 


PPK 


1500 


Watts 


@ T|_ < 25°C 








Steady State Power Dissipation 


PD 


5 


Watts 


@ Tl < 75°C, Lead Length • 3/8" 








Derated above T\_ = 75°C 




50 


mW/°C 


Forward Surge Current (2) 


ifsm 


200 


Amps 


@ T A = 25°C 








Operating and Storage Temperature Range 


Tj. T stq 


-65 to +175 


°C 



Lead temperature not less than 1/16" from the case for 10 seconds: 230°C 

NOTES: 1 . Nonrepetitive current pulse per Figure 5 and derated above T A - 25 e C per Figure 2. 

2. 1/2 sine wave (or equivalent square wave), PW - 8.3 ms, duty cycle - 4 pulses per minute maximum. 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 1500 WATT PEAK POWER 




TP mw 1ms 

tp PULSE WIDTH 

Figure 1 . Pulse Rating Curve 



75 100 125 150 175 200 
T A , AMBIENT TEMPERATURE (°C) 

Figure 2. Pulse Derating Curve 



1N6373, ICTE-5, MPTE-5, 
through 

1N6389, ICTE-45, C, MPTE-45, C 




•|0 100 
BV, BREAKDOWN VOLTAGE (VOLTS) 



10,000 



1000 



100 



10 



1N6267A/1.5KE6.8A 

through 
1N6303A/1.5KE200A 
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Figure 3. Capacitance versus Breakdown Voltage 
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Figure 4. Steady State Power Derating 



2 3 
t, TIME (ms) 
Figure 5. Pulse Waveform 
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GENERAL DATA — 1500 WATT PEAK POWER 



1N6373, ICTE-5, MPTE-5, 
through 

1N6389, ICTE-45, C, MPTE-45, C 



1N6267A/1.5KE6.8A 

through 
1N6303A/1.5KE200A 




0.3 0.5 0.7 1 2 3 5 7 10 20 30 

AV Z , INSTANTANEOUS INCREASE IN V z ABOVE V z (N0M) (VOLTS) 



0.3 0.5 0.7 1 2 3 5 7 10 20 30 

AV Z , INSTANTANEOUS INCREASE IN V Z ABOVE V Z (NOM) (VOLTS) 



Figure 6. Dynamic Impedance 
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Figure 7. Typical Derating Factor for Duty Cycle 



APPLICATION NOTES 



RESPONSE TIME 

In most applications, the transient suppressor device is 
placed in parallel with the equipment or component to be pro- 
tected. In this situation, there is a time delay associated with 
the capacitance of the device and an overshoot condition as- 
sociated with the inductance of the device and the inductance 
of the connection method. The capacitance effect is of minor 
importance in the parallel protection scheme because it only 
produces a time delay in the transition from the operating volt- 
age to the clamp voltage as shown in Figure A. 

The inductive effects in the device are due to actual turn-on 
time (time required for the device to go from zero current to full 
current) and lead inductance. This inductive effect produces 
an overshoot in the voltage across the equipment or 
component being protected as shown in Figure B. Minimizing 
this overshoot is very important in the application, since the 
main purpose for adding a transient suppressor is to clamp 
voltage spikes. These devices have excellent response time, 
typically in the picosecond range and negligible inductance. 
However, external inductive effects could produce unaccept- 
able overshoot. Proper circuit layout, minimum lead lengths 



and placing the suppressor device a 1 .! close as possible to the 
equipment or components to be protected will minimize this 
overshoot. 

Some input impedance represented by Zj n is essential to 
prevent overstress of the protection device. This impedance 
should be as high as possible, without restricting the circuit op- 
eration. 

DUTY CYCLE DERATING 

The data of Figure 1 applies for non-repetitive conditions 
and at a lead temperature of 25°C. If the duty cycle increases, 
the peak power must be reduced as irdicated by the curves of 
Figure 7. Average power must be iterated as the lead or 
ambient temperature rises above 25 °C. The average power 
derating curve normally given on data sheets may be 
normalized and used for this purpose. 

At first glance the derating curves of Figure 7 appear to be in 
error as the 1 ms pulse has a higher derating factor than the 
1 us pulse. However, when the derating factor for a given 
pulse of Figure 7 is multiplied by the peak power value of 
Figure 1 for the same pulse, the results follow the expected 
trend. 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 1500 WATT PEAK POWER 




UL RECOGNITION* 



The entire series has Underwriters Laboratory Recognition 
for the classification of protectors (QVGV2) under the UL 
standard for safety 497B and File #1 1 61 1 0. Many competitors 
only have one or two devices recognized or have recognition 
in a non-protective category. Some competitors have no 
recognition at all. With the UL497B recognition, our parts 
successfully passed several tests including Strike Voltage 
Breakdown test, Endurance Conditioning, Temperature test, 



Dielectric Voltage-Withstand test, Discharge test and several 
more. 

Whereas, some competitors have only passed a flammabil- 
ity test for the package material, we have been recognized for 
much more to be included in their Protector category. 



'Applies to 1 .5KE6.8A, CA thru 1 .5KE250A, CA 



Motorola TVS/Zener Device Data 
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1N5908 



•ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F = 3.5 V max, l F " = 100 A 



Device 
Note 1 


Breakdown Voltage 


Maximum 
Reverse 
Stand-Off 
Voltage V RWM "* 
(Volts) 


Maximum 
Reverse Leakage 
@Vrwm 
Iru-A) 


Maximum 
Reverse Voltage 
@lRSMt = 120A 
(Clamping Voltage) 
V RSM (Volts) 


Clamping Voltage 


Peak Pulse 
Current @ 
l PP1 t = 30A 
V C 1 (Volts max) 


Peak Pulse 
Current @ 
l PP2 t = 60 A 
V C 2 (Volts max) 


VBRtt 
(Volts) 
MIn 


@I T 
(mA) 


1N5908 


6 


1 


5 


300 


8.5 


7.6 


8 



NOTE 1 : The 1 N5908 is JEDEC registered as a unidirectional device only (no bidirectional option). 
* Indicates JEDEC registered data. 

" 1/2 sine wave (or equivalent square wave), PW - 8.3 ms. duty cycle - 4 pulses per minute maximum. 
"* A transient suppressor is normally selected according to the maximum reverse stand-off voltage (Vrvvm), which s 
voltage level. 

t Surge current waveform per Figure 5 and derate per Figure 2 of the General Data — 1500 W at the beginning of this group. 
1 1 V B q measured at pulse test current l T at an ambient temperature of 25*C. 



be equal to or greater than the dc or continuous peak operating 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



1N6267A through 1N6303A, 
1.5KE6.8A through 1.5KE250A 



•ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F # - 3.5 V Max, l F " = 100 A 























Maximum 
























Reverse 








Breakdown Voltage 




Working 
Peak 


Maximum 


Maximum 
Reverse 


Voltage 
@ 'RSM 


Maximum 


JEDEC 




VBRtt 
Volts 




@I T 


Reverse 
Voltage 
Vrwm*" 

(Volts) 


Reverse 
Leakage 
©Vrwm 

Ir (mA) 


Surge 
Current 

IRSMt 
(Amps) 


(Clamping 
Voltage) 
v rsm 

(Volts) 


Temperature 
Coefficient 
o'Vbr 

(%/°C) 


Device 


Device 


Mln 


Nom 


Max 




(mA) 


1N6267A 


1 .5KE6.8A 


6.45 


6.8 


7.14 




10 


5.8 


1000 


143 


10.5 


0.057 


1N6268A 


1.5KE7.5A 


7.13 


7.5 


7.88 




10 


6.4 


500 


132 


11.3 


0.061 


1N6269A 


1.5KE8.2A 


7.79 


8.2 


8.61 




10 


7.02 


200 


124 


12.1 


0.065 


1N6270A 


1.5KE9.1A 


8.65 


9.1 


9.55 




1 


7.78 


50 


112 


13.4 


0.068 


1N6271A 


1.5KE10A 


9.5 


10 


10.5 




1 


8.55 


10 


103 


14.5 


0.073 


1N6272A 


1.5KE11A 


10.5 


11 


11.6 




1 


9.4 


5 


96 


15.6 


0.075 


1N6273A 


1.5KE12A 


11.4 


12 


12.6 




1 


10.2 


5 


90 


16.7 


0.078 


1N6274A 


1.5KE13A 


12.4 


13 


13.7 




1 


11.1 


5 


82 


18.2 


0.081 


1N6275A 


1.5KE15A 


14.3 


15 


15.8 




1 


12.8 


5 


71 


21.2 


0.084 


1N6276A 


1.5KE16A 


15.2 


16 


16.8 




1 


13.6 


5 


67 


22.5 


0.086 


1N6277A 


1.5KE18A 


17.1 


18 


18.9 






15.3 


5 


59.5 


25.2 


0.088 


1N6278A 


1.5KE20A 


19 


20 


21 




1 


17.1 








0.09 


1N6279A 


1.SKE22A 


20.9 


22 


23.1 




1 


18.8 


5 


49 


30.6 


0.092 


1N6280A 


1 .5KE24A 


22.8 


24 


25.2 




1 


20.5 


5 


45 


33.2 


0.094 


1N62B1A 


1.5KE27A 


25.7 


27 


28.4 




1 


23.1 


5 


40 


37.5 


0.096 


1N6282A 


1 .5KE30A 


28.5 


30 


31.5 




1 


25.6 


5 


36 


41.4 


0.097 


1N62B3A 


1 .5KE33A 


31.4 


33 


34.7 




1 


28.2 


5 


33 


45.7 


0.098 


1N6284A 


1.5KE36A 


34.2 


36 


37.8 




1 


30.8 


5 


30 


49.9 


0.099 


1N6285A 


1.5KE39A 


37.1 


39 


41 




1 


33.3 


5 


28 


53.9 


0.1 


1N6286A 


1 .5KE43A 


40.9 


43 


45.2 




1 


36.8 


5 


25.3 


59.3 


0.101 


1N6287A 


1.5KE47A 


44.7 


47 


49.4 




1 


40.2 


5 


23.2 


64.8 


0.101 


1N8288A 


1.5KE51A 


48.5 


51 


53.6 




1 


43.6 


5 


21.4 


70.1 


0.102 


1N6289 


1.5KE56A 


53.2 


56 


58.8 




1 


47.8 


5 


19.5 


77 


0.103 


1N6290A 


1 .5KE62A 


58.9 


62 


65.1 




1 


53 


5 


17.7 


85 


0.104 


1N6291A 


1.5KE68A 


64.6 


68 


71.4 




1 


58.1 


5 


16.3 


92 


0.104 


1N6292A 


1.5KE75A 


71.3 


75 


78.8 




1 


64.1 


5 


14.6 


103 


0.105 


1N6293A 


1.5KE82A 


77.9 


82 


86.1 




1 


70.1 


5 


13.3 


113 


0.105 


1 N6294A 


1.5KE91A 


86.5 


91 


95.5 




1 


77.8 


5 


12 


125 


0.106 


1N6295A 


1.5KE100A 


95 


100 


105 




1 


85.5 


5 


11 


137 


0.106 


1N6296A 


1.5KE110A 


105 


110 


116 






94 


5 


9.9 


152 


0.107 


1N6297A 


1.5KE120A 


114 


120 


126 






102 


5 


9.1 


165 


0.107 


1N6298A 


1.5KE130A 


124 


130 


137 






111 


5 


8.4 


179 


0.107 


1N6299A 


1.5KE150A 


143 


150 


158 






128 


5 


7.2 


207 


0.108 


1N6300A 


1.5KE160A 


152 


160 


168 






136 


5 


6.8 


219 


0.108 


1N6301A 


1.5KE170A 


162 


170 


179 






145 


5 


6.4 


234 


0.108 


1N6302A 


1.5KE180A 


171 


180 


189 






154 


5 


6.1 


246 


0.108 


1N6303A 


1.5KE200A 


190 


200 


210 






171 


5 


5.5 


274 


0.108 




1.5KE220A 


209 


220 


231 






185 


5 


4.6 


328 


0.109 




1.5KE250A 


237 


250 


263 






214 


5 


5 


344 


0.109 



• Indicates JEDEC registered data. 

" \n sine wave (or equivalent square wave), PW - 8.3 ms. duty cycle - 4 pulses per minute maximum. 

— A transient suppressor is normally selected according to the maximum reverse stand-off voltage (V RWM ). which should be equal to or greater than the dc or continuous peak operating 
voltage level. 

t Surge current waveform per Figure 5 and derate per Figure 2 of the General Data — 1 500 W at the beginning ot this group. 
1 1 V B r measured at pulse test current l T at an ambient temperature of 25 e C. 
# V F applies to Non-CA suffix devices only. 

FOR BIDIRECTIONAL APPLICATIONS Preferred Bidirectional Devices - 

— USE CA SUFFIX ON 1.5KE SERIES for 1.5KE6.8CA 1.5KE10CA 1.5KE12CA 
through 1.5KE250CA. 1.5KE18CA 1.5KE36CA 
Electrical characteristics apply In both directions. 

Devices listed in bold, italic are Motorola preferred devices. 



Motorola TVS/Zener Device Data 
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1N6267A through 1N6303A, 
1.5KE6.8A through 1.5KE250A 

CLIPPER BIDIRECTIONAL DEVICES 



1 . Clipper-bidirectional devices are available in the 1 .5KEXXA 
series and are designated with a "CA" suffix; for example, 
1 .5KE1 8CA. Contact your nearest Motorola representative. 

2. Clipper-bidirectional part numbers are tested in both direc- 
tions to electrical parameters in preceeding table (except for 
Vp which does not apply). 



3. The 1 N6267A through 1 N6303A series are JEDEC regis- 
tered devices and the registration does not include a "CA" 
suffix. To order clipper-bidirectional devices one must add 
CA to the 1 .5KE device title. 
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Motorola TVS/Zener Device Data 



1N6373 through 1N6389, 
ICTE-5 through ICTE-45C, 
MPTE-5 through MPTE-45C 

•ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F # = 3.5 V Max, l F " = 1 00 A) (C suffix denotes standard 



back to back bidirectional versions. Test both polarities) 

















Maximum 










Breakdowntt 
Voltage 


Maximum 
Reverse 




Maximum 
Reverse 


Reverse 
Voltage 
@ 'RSMt 


Clamping Voltage 






Maximum 


Peak Pulse 


Peak Pulse 


JEDEC 
Device 
Notel 


Device 
Notel 


VBR 
Volte 
Mln 


@hr 

(mA) 


Voltage 

VRWM"" 
(Volts) 


Reverse 
Leakage 

@ Vrwm 

lR(pA) 


Current 
'RSMt 
(Amps) 


(Clamping 
Voltage) 
vrsm 

(Volts) 


Current @ 
Ipp-lt = 1 A 

(Volts max) 


Current @ 
lpplt = 10A 

(Volts max) 


1N6373 


/C7E-SMPTE-5 


6 


f 


5 


300 


760 


8.4 


7.1 


7.5 


1N6374 


ICTE-8/MPTE-8 


9.4 


1 


8 


25 


100 


15 


11.3 


11.5 


1N6382 


ICTE-8C/MPTE-8C 


9.4 


1 


8 


25 


100 


15 


11.4 


11.6 




IOTP m/MPTP 1fl 


11.7 




m 

1U 


K 




l O. r 


13.7 


14.1 


1N6383 


ICTE-1 0C/MPTE-1 0C 


11.7 




10 


2 


90 


16.7 


14.1 


14.5 


1N6376 


ICTE-12/MPTE-12 


14.1 




12 


2 


70 


21.2 


16.1 


16.5 


1N6384 


ICTE-12C/MPTE-12C 


14.1 




12 


2 


70 


21.2 


16.7 


17.1 


1N6377 


ICTE-1 5/MPTE-1 5 


17.6 




15 


2 


60 


25 


20.1 


20.6 


1N6385 


ICTE-1 5C/MPTE-15C 


17.6 




15 


2 


60 


25 


20.8 


21.4 


1N6378 


ICTE-1 8/MPTE-1 8 


21.2 




18 


2 


50 


30 


24.2 


25.2 


1N6386 


ICTE-1 8C/MPTE-18C 


21.2 




18 


2 


50 


30 


24.8 


25.5 


1N6379 


ICTE-22/MPTE-22 


25.9 




22 


2 


40 


37.5 


29.8 


32 


1N6387 


ICTE-22C/MPTE-22C 


25.9 




22 


2 


40 


37.5 


30.8 


32 


1N6380 


ICTE-36/MPTE-36 


42.4 




36 


2 


23 


65.2 


50.6 


54.3 


1 N6388 


ICTE-36C/MPTE-36C 


42.4 




36 


2 


23 


65.2 


50.6 


54.3 


1N6381 


ICTE-45/MPTE-45 


52.9 




45 


2 


19 


78.9 


63.3 


70 


1N6389 


ICTE-45C/MPTE^»5C 


52.9 




45 


2 


19 


78.9 


63.3 


70 



NOTE 1: C suffix denotes standard back-tc-back bidirectional versions. Test both polarities. JEDEC device types 1N6382 thru 1N6389 are registered as back to back bidirectional versions and 
do not require a C suffix. 1N6373 thru 1N6381 are registered as unidirectional devices only (no bidirectional option). 
" Indicates JEDEC registered data. 

** 1/2 sine wave (or equivalent square wave), PW - 6.3 ms, duty cycle - 4 pulses per minute maximum. 

*" A transient suppressor is normally selected according to the maximum reverse stand-off voltage (VrvVM'' which should be equal to or greater than the dc or continuous peak operating 
voltage level. 

t Surge current waveform per Figure 5 and derate per Figure 2 of the General Data — 1500 W at the beginning of this group. 
1 1 V BR measured at pulse test current \j at an ambient temperature of 25°C. 
# V F applies to unidirectional devices only. 



Devices listed in bold, italic are Motorola preferred devices. 
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i ransient voltage 
1500 Watt Peak Power 



CASE41A-02 
PLASTIC 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M. 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. LEAD FINISH AND DIAMETER UNCONTROLLED 
IN DIM P. 



DIM 


INC 


HES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.360 


0.375 


9.14 


9.52 


a 


0.190 


0.205 


4.83 


5.21 


D 


0.038 


0.042 


0.97 


1.07 


K 


1.000 




25.40 




P 




0.050 




1.27 



(Refer to Section 1 for Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL4 


1.5K 



(Refer to Section 1 for more information on Packaging Specifications.) 
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Motorola TVS/Zener Device Data 



MOTOROLA 

SEMICONDUCTOR i 

TECHNICAL DATA 



Overvoltage 
Transient Suppressors 



Overvoltage transient suppressors are designed for applications requiring a low voltage 
rectifier with reverse avalanche characteristics for use as reverse power transient sup- 
pressors. Developed to suppress transients in the automotive system, these devices oper- 
ate in the forward mode as standard rectifiers or reverse mode as power avalanche rectifi- 
er and will protect electronic equipment from overvoltage conditions. 

• Avalanche Voltage 24 to 32 Volts 

• High Power Capability 

• Economical 

• Increased Capacity by Parallel Operation 

MECHANICAL CHARACTERISTICS: 
CASE: Transfer Molded Plastic 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C 3/8" from 

for 1 seconds at 5 lbs. tension 
FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Indicated by diode symbol or cathode band 
WEIGHT: 2.5 Grams (approx.) 

MAXIMUM RATINGS 



MR2535L 



Motorola Preferred Device 



MEDIUM CURRENT 
OVERVOLTAGE 

TRANSIENT 
SUPPRESSORS 




CASE 194-04, Style 1 



Rating 


Symbol 


Value 


Unit 


DC Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Vrrm 
Vrwm 
vr 


20 


Volts 


Repetitive Peak Reverse Surge Current 
(Time Constant = 10 ms, Duty Cycle < 1%, Trj ■ 25°C) (See Figure 1) 


Irsm 


110 


Amps 


Average Rectified Forward Current 
(Single Phase, Resistive Load, 60 Hz, Trj = 150°C) 


io 


35 


Amps 


Non-Repetitive Peak Surge Current 
Surge Supplied at Rated Load Conditions 
Halfwave, Single Phase 


Ifsm 


600 


Amps 


Operating and Storage Junction Temperature Range 


T J. T stq 


-65 to +175 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Lead 
Length 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Lead @ Both Leads to Heat Sink, 
Equal Length 


1/4" 
3/8" 
1/2" 


Rbjl 


7.5 
10 
13 


°C/W 


Thermal Resistance Junction to Case 




ReJC 


0.8" 


°C/W 



Typical 



Motorola TVS/Zener Device Data 
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ELECTRICAL CHARACTERISTICS 



wl lalaWlOl 13 II I* 


Qumhnl 
o y 1 1 tuui 


Mln 


Max 


Unit 


Instantaneous Forward Voltage (1 ) (ip = 1 00 Amps, Jq . 25°C) 


VF 




1.1 


Volts 


Reverse Current (Vr = 20 Vdc, T c = 25°C) 


IR 




200 


nAdc 


Breakdown Voltage (1 ) (Ir = 1 00 mAdc, Tq = 25°C) 


V(BR) 


24 


32 


Volts 


Breakdown Voltage (1 ) 
(Ir = 90 Amp, Tc = 1 50°C, PW = 80 us) 


V(BR) 




40 


Volts 


Breakdown Voltage Temperature Coefficient 


V(BR)TC 




0.096' 


%/°C 


Forward Voltage Temperature Coefficient @ lp - 10 mA 


VFTC 




2* 


mV/°C 



(1) Pulse Test: Pulse Width s 300 lis. Duty Cycle s 2%. 
■Typical 



IRSM(EXP) 




-I f 

10 20 30 40 50 60 
(TIME IN ms) 

Figure 1. Surge Current Characteristics 



Overvoltage 110 Amp Repetitive Peak 
4-22 



Motorola TVS/Zener Device Data 



Transient Voltage Suppressors — Axial Leaded 



Overvoltage 110 Amp Repetitive Peak 




r«-D 



NOTE: 

1. CATHODE SYMBOL ON PACKAGE. 



DIM 


MILLIMETERS 


INCHES 


MIH 


MAX 


MIN 


MAX 


A 


8.43 


■ i, 


332 


342 


B 


5.94 


- 25 


0.234 


0246 


D 


1.27 


1.35 


0.050 


0.053 


K 


25.15 


25.65 


930 


1.010 



rv 



STYLE 1: 

PIN1. CATHODE 
2. ANODE 



CASE 194-04 
PLASTIC 



(Refer to Section 1 lor Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL 


800 



(Reter to Section 10 (or more information on Packaging Specifications.) 
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Section Five 



Transient Voltage 
Suppressors — 
Surface Mounted 
Data Sheets 



24 Watt Peak Power 

MMBZ5V6ALT1 5-2 

40 Watt Peak Power 

MMBZ15VDLT1 5-8 

600 Watt Peak Power 

General Data — 600 Watt 5-11 

1 SMB5.0AT3 through 1 SMB1 70AT3 5-14 

1SMB10CAT3 through 1SMB78AT3 5-15 

P6SMB6.8AT3 through P6SMB200AT3 5-16 

P6SMB11CAT3 through P6SMB91CAT3 5-17 

1500 Watt Peak Power 

General Data — 1500 Watt 5-19 

1SMC5.0AT3 through 1 SMC78AT3 5-22 

1 .5SMC6.8AT3 through 1 .5SMC91 AT3 5-23 



Motorola TVS/Zener Device Data 
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MOTOROLA 

SEMICONDUCTOR wa^—am—am^ 

TECHNICAL DATA 

SOT-23 Dual Monolithic 
Common Anode Zener 

Transient Voltage Suppressor 
For ESD Protection 

This dual monolithic silicon zener diode is designed for applications requiring transient 
overvoltage protection capability. It is intended for use in voltage and ESD sensitive equip 
ment such as computers, printers, business machines, communication systems, medical 
equipment and other applications. Its dual junction common anode design protects two 
separate lines using only one package. These devices are ideal for situations where 
board space is at a premium. 
Specification Features: 

• SOT-23 Package Allows Either Two Separate Unidirectional 
Configurations or a Single Bidirectional Configuration 

• Peak Power — 24 Watts @ 1 .0 ms (Unidirectional), per Figure 5 Waveform 

• Maximum Clamping Voltage @ Peak Pulse Current 

• Low Leakage < 5.0 uA 

• ESD Rating of Class N (exceeding 16 kV) per the Human Body Model 
Mechanical Characteristics: 

• Void Free, Transfer-Molded, Thermosetting Plastic Case 

• Corrosion Resistant Finish, Easily Solderable 

• Package Designed for Optimal Automated Board Assembly 

• Small Package Size for High Density Applications 

• Available in 8 mm Tape and Reel 

Use the Device Number to Order the 7 inch/3,000 Unit Reel 

Replace T 1 " with 'T3" in the Device Number to Order the 1 3 inch/1 0,000 Unit Reel 

WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seremban, Malaysia 



THERMAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Value 


Unit 


Peak Power Dissipation @ 1 .0 ms (1 ) 
@T A <25°C 


Ppk 


24 


Watts 


Total Power Dissipation on FR-5 Board (2) @ T A = 25°C 
Derate above 25°C 


PD 


225 
1.8 


mW 
mW/°C 


Thermal Resistance Junction to Ambient 


RejA 


556 


°C/W 


Total Power Dissipation on Alumina Substrate (3) @Ja = 25°C 
Derate above 25°C 


Pd 


300 
2.4 


mW 

mW/°C 


Thermal Resistance Junction to Ambient 


Rbja 


417 


°C/W 


Junction and Storage Temperature Range 


Tj 
T stg 


-55 to +150 


°C 


Lead Solder Temperature — Maximum 
(1 Second Duration) 


TL 


260 


°C 



(1) Non-repetitive current pulse per Figure 5 and derate above T A - 25"C per Figure 6. 

(2} FR-5- 1,0x0,75x0.62 in. 

(3) Alumina - 0.4 x 0.3 x 0.024 in., 99.5% alumina 

Thermal Clad is a trademark of the Bergquist Company. 



Preferred devices are Motorola recommended choices for future use and best overall value. 



MMBZ5V6ALT1 

ADDITIONAL VOLTAGES AVAILABLE 
Motorola Preferred Device 



SOT-23 DUAL 
ZENER OVERVOLTAGE 
TRANSIENT SUPPRESSOR 
5.6 VOLTS 
24 WATTS PEAK POWER 




CASE 318-07 
STYLE 12 
LOW PROFILE SOT-23 
PLASTIC 



20 £ * 

PIN 1. CATHODE 

2. CATHODE 

3. ANODE 
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ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 
UNIDIRECTIONAL (Circuit tied to pins 1 and 3 or Pins 2 and 3) (V F = 0.9 V Max @ i F - 10 mA) 



Breakdown Voltage 


Max Reverse 
Leakage Current 


Max Zener Impedance (6) 


Max 
Reverse 
Surge 
Current 

|RSM(5) 
(A) 


Max Reverse 
Voltage @ 

|RSM(5) 
(Clamping 
Voltage) 
Vrsm 

(V) 


Maximum 
Temperature 
Coefficient of 

vz 

(mV/°C) 


00 


@IZT 
(mA) 


|R @ V R 
(uA) (V) 


Zzr @ l Z T 
(£1) (mA) 


ZZK @ IZK 
(£2) (mA) 


Mln 


Nom 


Max 


5.32 


5.6(7) 


5.88 


20 


5.0 3.0 


11 


1600 | 0.25 


3.0 


8.0 


1.26 



(4) Vz measured at pulse test current lj at an ambient temperature of 25°C. 

(5) Surge current waveform per Figure 5 and derate per Figure 6. 

(6) Z ZT and Z ZK are measured by dividing the AC voltage drop across the device by the AC current supplied. The spectied limits are Iz(AC) " °- 1 'Z(DC)' wi,n AC frequency - 1 kHz. 

(7) Other voltages may be available upon request Please contact your Motorola representative. 



TYPICAL CHARACTERISTICS 



V Z @I T 










BIDIRECTIONAL 


























t 








UNIDIRECTION/ 





10000 



-50 50 100 

T A , AMBIENT TEMPERATURE (°C) 

Figure 1. Typical Breakdown Voltage 
versus Temperature 



150 



o 

UJ 

a 




1000 



50 100 

T A , AMBIENT TEMPERATURE (°C) 

Figure 2. Typical Leakage Current 
versus Temperature 



150 
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TYPICAL CHARACTERISTICS 



100 
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PULSE WIDTH (tp) IS DEFINED 
AS THAT POINT WHERE THE 
PEAK CURRENT DECAYS TO 50% 
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PEAK 


VALUE 


'-IR 


3M — 


ut- 1 

V<1 


ISM' 
ns 










































Idc 
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, HALF VALUE --^ 






















































i- 1 
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2 3 4 

t, TIME (ms) 

Figure 5. Pulse Waveform 




50 75 100 125 150 
Ta, AMBIENT TEMPERATURE (°C) 

Figure 6. Pulse Derating Curve 



175 200 




1.0 10 100 1000 

PW, PULSEWIDTH (ms) 

Figure 7. Maximum Non-repetitive Surge 
Power, Ppk versus PW 

Power is defined as VrsM x 'z(P k ) where Vrsm is 
the clamping voltage at lz(pk). 




1.0 10 100 1000 

PW, PULSEWIDTH (ms) 
Figure 8. Maximum Non-repetitive Surge 
Power, Ppk(NOM) versus PW 

Power is defined as Vz(NOM) x lz(pk) where 
Vz(NOM) is the nominal zener voltage measured at 
the low test current used for voltage classification. 
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TYPICAL COMMON ANODE APPLICATIONS 



A dual junction common anode design in a SOT-23 pack- 
age protects two separate lines using only one package. This 
adds flexibility and creativity to PCB design especially when 



board space is at a premium. Two simplified examples of 
MMBZ5V6ALT1 TVS applications are illustrated below. 



Computer Interface Protection 



KEYBOARD 
TERMINAL 
PRINTER 
ETC. 



I/O 



I 



X 



MMBZ5V6ALT1 



A 




B 






FUNCTIONAL 


C 


DECODER 


3 





• GND 



Microprocessor Protection 



ADJ2B£££fillS 



I/O 



RAM 



it 



ROM 



DATA BUS 



CONTROI BUS 



CPU 



CLOCK 



-ov DD 

-OV GG 



MMBZ5V6ALT1 



-O GND 



MMBZ5V6ALT1 
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INFORMATION FOR USING THE SOT-23 SURFACE MOUNT PACKAGE 



MINIMUM RECOMMENDED FOOTPRINT FOR SURFACE MOUNTED APPLICATIONS 



Surface mount board layout is a critical portion of the total 
design. The footprint for the semiconductor packages must be 
the correct size to insure proper solder connection interface 



between the board and the package. With the correct pad 
geometry, the packages will self align when subjected to a 
solder reflow process. 



0.037 
0.95 



0.035 
0.9 



0.031 



0.8 



0.037 
0.95 



0.079 
2.0 



(inches \ 
mm / 



SOT-23 



SOT-23 POWER DISSIPATION 



The power dissipation of the SOT-23 is a function of the 
drain pad size. This can vary from the minimum pad size for 
soldering to a pad size given for maximum power dissipation. 
Power dissipation for a surface mount device is determined by 
T J(max). the maximum rated junction temperature of the die, 
R 9JA. the thermal resistance from the device junction to 
ambient, and the operating temperature, T^. Using the values 
provided on the data sheet for the SOT-23 package, Pq can 
be calculated as follows: 



Tj(max)-TA 
ReJA 



The values for the equation are found in the maximum 
ratings table on the data sheet. Substituting these values into 
the equation for an ambient temperature T/\ of 25°C, one can 
calculate the power dissipation of the device which in this case 
is 225 milliwatts. 



150°C-25°C 
556°C/W 



225 milliwatts 



The 556°C/W for the SOT-23 package assumes the use of 
the recommended footprint on a glass epoxy printed circuit 
board to achieve a power dissipation of 225 milliwatts. There 
are other alternatives to achieving higher power dissipation 
from the SOT-23 package. Another alternative would be to use 
a ceramic substrate or an aluminum core board such as 
Thermal Clad™. Using a board material such as Thermal Clad, 
an aluminum core board, the power dissipation can be 
doubled using the same footprint. 



SOLDERING PRECAUTIONS 

The melting temperature of solder is higher than the rated 
temperature of the device. When the entire device is heated 
to a high temperature, failure to complete soldering within a 
short time could result in device failure. Therefore, the 
following items should always be observed in order to 
minimize the thermal stress to which the devices are 
subjected. 

• Always preheat the device. 

• The delta temperature between the preheat and soldering 
should be 100°C or less.* 

• When preheating and soldering, the temperature of the 
leads and the case must not exceed the maximum 
temperature ratings as shown on the data sheet. When 
using infrared heating with the reflow soldering method, 
the difference shall be a maximum of 1 0°C. 

• The soldering temperature and time shall not exceed 
260°C for more than 10 seconds. 

• When shifting from preheating to soldering, the maximum 
temperature gradient shall be 5°C or less. 

• After soldering has been completed, the device should be 
allowed to cool naturally for at least three minutes. 
Gradual cooling should be used as the use of forced 
cooling will increase the temperature gradient and result 
in latent failure due to mechanical stress. 

• Mechanical stress or shock should not be applied during 
cooling. 

• Soldering a device without preheating can cause excessive 
thermal shock and stress which can result in damage to the 
device. 
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Transient Voltage Suppressors — Surface Mounted 



24 Watt Peak Power 









A 








"1 l 












-. t 






2 


B S 
* 1 




"tjr *t 


T + 










CASE 318-07 
PLASTIC 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.SM, 1982. 

2. CONTROLLING DIMENSKON: INCH. 

3. MAXIMUM LEAD THICKNESS INCLUDES 
LEAD FINISH THICKNESS. MINIMUM LEAD 
THICKNESS IS THE MINIMUM THICKNESS 
OF BASE MATERIAL. 



DIM 


INC 




MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.1102 


0.1197 


2.80 


3.04 


B 


0.0472 


0.355' 


1.20 


1.40 


C 


: ::;sc 


0.0440 


0.89 


1.11 


D 


0.0160 


0.0200 


0.37 


0.50 


G 


3.3701 


: 


1.78 


2.04 


H 


0.0005 


0.0O40 


0.013 


0.100 


J 




: c~ 


0.085 


0.177 


K 


o.c-so 


0.3236 


0.45 


0.60 


L 


: 


0.0401 


0.89 


1.62 


S 


0.6430 


0.0584 


2.10 


2.50 


V 


0.0177 


: 


6.45 


0.60 



STYLE 12: 

PIN1. CATHODE 

2. CATHODE 

3. ANODE 



(Relerto Section 10 for Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


T1 


3K 


Tape and Reel 


T3 


10K 



(Refer to Section 1 for more information on Packaging Specifications.) 



Motorola TVS/Zener Device Data 



24 Watt Peak Power Data Sheet 
5-7 



MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



SOT-23 Bipolar Zener 
Common Cathode 

Transient Voltage Suppressor 
for ESD Protection 

This monolithic silicon zener device is designed for applications requiring transient over- 
voltage protection capability. It is intended for use in voltage and ESD sensitive equipment 
such as computers, business machines, communication systems, medical equipment and 
other applications. The convenient SOT-23 package allows for easy handling and is ideal 
for situations where space is at a premium. 

Specification Features: 

• Dual Package Provides for Bidirectional or Separate Unidirectional 

Configurations 

• Economical SOT-23 Surface Mount Package 

• Peak Power — 40 Watts @ 1 ms (Bidirectional) 

• Maximum Clamping Voltage @ Peak Pulse Current 

• Low Leakage < 1 00 nA 

Mechanical Characteristics: 
CASE: Void free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
PACKAGING: Available in 8 mm embossed tape and reel (3000 devices per reel) 
PINOUT: Terminal 1 — Anode 

Terminal 2 — Anode 

Terminal 3 — Cathode 

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: 260°C for 10 seconds 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seremban, Malaysia 

MAXIMUM RATINGS <T C - 25°C Unless Otherwise Noted.) 



MMBZ15VDLT1 



ADDITIONAL VOLTAGES AVAILABLE 



SOT-23 BIPOLAR 
ZENER OVERVOLTAGE 
TRANSIENT SUPPRESSOR 
15 VOLTS 
40 WATTS PEAK POWER 



1 o- 



2C- 




CASE 318-07, STYLE 9 

TO-236AB 
LOW PROFILE SOT-23 
PLASTIC 



Rating 


Symbol 


Value 


Unit 


Peak Power Dissipation (1) 
@ Ta < 25°C 


p pk 


40 


Watts 


Total Power Dissipation on FR-5 Board (2) @ Ta = 25°C 
Derate above 25°C 


PD 


225 
1.8 


mW 
mW/°C 


Total Power Dissipation on Alumina Substrate (3) @ Ta = 25°C 
Derate above 25°C 


pd 


300 
2.4 


mW 
mW/°C 


Operating and Storage Temperature Range 


Tj, T stq 


-55 to +150 


•c 


(1 ) Nonrepetrtive current pulse per Figure 5 and derate above T A - 25°C per Figure 6. 

(2) FR-5- 1.0x0.75x0.62 in. 

(3) Alumina - 0.4 x 0.3 x 0.024 in.. 99.5% alumina 

THERMAL CHARACTERISTICS 


Thermal Resistance — Junction to Ambient 


Rbja 


556 


°c/w 


Maximum Lead Temperature for Soldering Purposes (10 seconds max.) 


T L 


260 


°c 



ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted) 
BIDIRECTIONAL (Circuit tied to pins 1 and 2) 



Breakdown Voltage 


Working Peak 
Reverse Voltage 

VRWM 

(Volts) 


Maximum Reverse 
Leakage Current 
iRWM 
IR (nA) 


Maximum Reverse 
Surge Current 

iRSM 
(Amps) 


Maximum Reverse 
Voltage @ Irsm 
(Clamping Voltage) 
VRSM(4) 
(Volts) 


Maximum 
Temperature 
Coefficient 
ofV B R 

(mV/'C) 


VBR(5) 
(Volts) 


@lT 
mA 


Mln 


Norn 


Max 


14.3 


15(6) 


15.8 


1.0 


12.8 


100 


1.9 


21.2 


12 



(4) Surge current waveform per Figure 5 and derate per Figure 6. 

(5) V BR measured at pulse test current l T at an ambient temperature o( 25'C. 
(5) Other voltages may be available upon reqm 
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t. TIME (n») T A , AMBIENT TEMPERATURE fC) 

Figure 5. Pulse Waveform Figure 6. Pulse Derating Curve 
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Transient Voltage Suppressors — Surface Mounted 
40 Watt Peak Power 



NOTES: 

t. DIMENSIONING AND TOLERANCING PER 
ANSI YH.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. MAXIMUM LEAD THICKNESS INCLUDES 
LEAD FINISH THICKNESS. MINIMUM LEAD 
THICKNESS IS THE MINIMUM THICKNESS 
OF BASE MATERIAL. 



- A 

"I L 






rp 




-i t 


1 3 


2 


B S 
* 1 




r i 







DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.1102 


0.1137 


2.80 


3.04 


B 


0.0472 


0.0551 


1.20 


1,40 


C 


0.0350 


j 04 ■ j 


0.89 


1.11 


D 


0.0150 


0.0200 


0.37 


0.50 


g 


0.0701 


0.0807 


1.78 


2.04 


H 




: :m: 


0.013 


100 


J 


C -Mt 


:::7: 


0.066 


0.177 


K 


c:-8t 


: :2'£ 


0.45 


6.60 


L 


: 


0.0401 


0.89 


1.02 


5 


: - 


: :-j : 4 


2.10 


2.50 


V 




: 


0.45 


0.M 



0.037 
T9T 



STYLE 9: 

PIN1. ANODE 

2. ANODE 

3. CATHODE 



0.035 



0.037 



0.079 
~27T 



0.031 



(Inches A 
mm / 



SOT-23 Footprint 



CASE 318-07 
PLASTIC 



(Refer to Section 10 tor Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


T1 


3K 


Tape and Reel 


T3 


10K 



(Refer to Section 1 for more information on Packaging Specifications.) 
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MOTOROLA 

SEMICONDUCTOR wmm^m—m^^^mmmmmmmmmm 

TECHNICAL DATA . 

GENERAL 

GENERAL DATA APPLICABLE TO ALL SERIES IN DATA 
THIS GROUP 600 WATT 

Zener Transient Voltage Suppressors peak power 

The SMB series is designed to protect voltage sensitive components from high voltage, 
high energy transients. They have excellent clamping capability, high surge capability, low 
zener impedance and fast response time. The SMB series is supplied in Motorola's 
exclusive, cost-effective, highly reliable Surmetic package and is ideally suited for use in 
communication systems, numerical controls, process controls, medical equipment, 
business machines, power supplies and many other industrial/consumer applications. 
Specification Features: 

• Standard Zener Breakdown Voltage Range — 6.8 to 200 V 

• Stand-off Voltage Range — 5 to 1 70 V 

• Peak Power — 600 Watts @ 1 ms 

• Maximum Clamp Voltage @ Peak Pulse Current 

• Low Leakage < 5 \xA Above 1 V 

• Response Time Typically < 1 ns 

Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by molded polarity notch. When operated in zener mode, 

will be positive with respect to anode 
MOUNTING POSITION: Any 

LEADS: Modified L-Bend providing more contact area to bond pad 

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: 260°C for 10 seconds 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seremban, Malaysia 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Peak Power Dissipation (1) 
@ T L < 25°C 


PPK 


600 


Watts 


Forward Surge Current (2) 
@ T A = 25'C 


IFSM 


100 


Amps 


Operating and Storage Temperature Range 


Tj. T stq 


-65 to +150 


°C 



NOTES: 1 . Nonrepetitive current pulse per Figure 2 and derated above T A - 25°C per Figure 3. 

2. 1/2 sine wave (or equivalent square wave). PW . B.3 ms. duty cycle - i pulses per minute maximum. 



PLASTIC SURFACE MOUNT 
ZENER OVERVOLTAGE 
TRANSIENT 
SUPPRESSORS 
6.8-200 VOLTS 
600 WATT PEAK POWER 




CASE 403A 
PLASTIC 
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Figure 1. Pulse Rating 
Curve 
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Figure 2. Pulse Waveform 
TYPICAL PROTECTION CIRCUIT 




50 75 100 

T A , AMBIENT TEMPERATURE (°C) 

Figure 3. Pulse Derating Curve 



150 



APPLICATION NOTES 



RESPONSE TIME 

In most applications, the transient suppressor device is 
placed in parallel with the equipment or component to be 
protected. In this situation, there is a time delay associated 
with the capacitance of the device and an overshoot condition 
associated with the inductance of the device and the 
inductance of the connection method. The capacitive effect is 
of minor importance in the parallel protection scheme because 
it only produces a time delay in the transition from the 
operating voltage to the clamp voltage as shown in Figure 4. 

The inductive effects in the device are due to actual turn-on 
time (time required for the device to go from zero current to full 
current) and lead inductance. This inductive effect produces 
an overshoot in the voltage across the equipment or 
component being protected as shown in Figure 5. Minimizing 
this overshoot is very important in the application, since the 
main purpose for adding a transient suppressor is to clamp 
voltage spikes. The SMB series have a very good response 
time, typically < 1 ns and negligible inductance. However, 
external inductive effects could produce unacceptable over- 
shoot. Proper circuit layout, minimum lead lengths and placing 



the suppressor device as close as possible to the equipment 
or components to be protected will minimize this overshoot. 

Some input impedance represented by Zj n is essential to 
prevent overstress of the protection device. This impedance 
should be as high as possible, without restricting the circuit 
operation. 

DUTY CYCLE DERATING 

The data of Figure 1 applies for non-repetitive conditions 
and at a lead temperature of 25°C. If the duty cycle increases, 
the peak power must be reduced as indicated by the curves of 
Figure 6. Average power must be derated as the lead or 
ambient temperature rises above 25°C. The average power 
derating curve normally given on data sheets may be 
normalized and used for this purpose. 

At first glance the derating curves of Figure 6 appear to be in 
error as the 1 ms pulse has a higher derating factor than the 
10 lis pulse. However, when the derating factor for a given 
pulse of Figure 6 is multiplied by the peak power value of 
Figure 1 for the same pulse, the results follow the expected 
trend. 
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GENERAL DATA — 600 WATT PEAK POWER 




Motorola TVS/Zener Device Data 



600 Watt Peak Power Data Sheet 



1SMB5.0AT3 through 1SMB170AT3 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted). 







Breakdown Voltage* 




Peak 


Maximum 












Maximum 




Reverse Leakage 






Reverse 


Man 


(Si It 


Pulse Current 






Stand-OH Voltage 


•BR 


\Q> 1 J 


Clamping Voltage 


(See Figure 2) 


@V R 






Vr 


Volts 




Vc @ Ipp 


Ippt 


|r 


Devlc6 


Devlcett 


Volts (1) 


Mln 


mA 


Volts 


Amps 


uA 


Mar Winn 


1SMB5.0AT3 


5.0 


6.40 


10 


9.2 


65.2 


800 


KE 


1SMB6.0AT3 


6.0 


6.67 


10 


10.3 


58.3 


800 


KG 


1SMB6.5AT3 


6.5 


7.22 


10 


11.2 


53.6 


500 


KK 


1SMB7.0AT3 


7.0 


7.78 


10 


12.0 


50.0 


200 


KM 


1SMB7.5AT3 


7.5 


8.33 


1.0 


12.9 


46.5 


100 


KP 


1SMB8.0AT3 


8.0 


8.89 


1.0 


13.6 


44.1 


50 


KR 


1SMB8.5AT3 


8.5 


9.44 


1.0 


14.4 


41.7 


10 


KT 


1SMB9.0AT3 


9.0 


10.0 


1.0 


15.4 


39.0 


5.0 


KV 


1SMB10AT3 


10 


11.1 


1.0 


17.0 


35.3 


5.0 


KX 


1SMB11AT3 


11 


12.2 


1.0 


18.2 


33.0 


5.0 


KZ 


1SMB12AT3 


12 


13.3 


1.0 


19.9 


30.2 


5.0 


LE 


1SMB13AT3 


13 


14.4 


1.0 


21.5 


27.9 


5.0 


LG 


1SMB14AT3 


14 


15.6 


1.0 


23.2 


25.8 


5.0 


LK 


1SMB1SAT3 


15 


16.7 


1.0 


24.4 


24.0 


5.0 


LM 


1SMB16AT3 


16 


17.8 


1.0 


26.0 


23.1 


5.0 


LP 


1SMB17AT3 


17 


18.9 


1.0 


27.6 


21.7 


5.0 


LR 


1SMB18AT3 


18 


20.0 


1.0 


29.2 


20.5 


5.0 


LT 


1 SMB20AT3 


20 


22.2 


1.0 


32.4 


18.5 


5.0 


LV 


1SMB22AT3 


22 


24.4 


1.0 


35.5 


16.9 


5.0 


LX 


1 SMB24AT3 


24 


26.7 


1.0 


38.9 


15.4 


5.0 


LZ 


1 SMB26AT3 


26 


28.9 


1.0 


42.1 


14.2 


5.0 


ME 


1 SMB28AT3 


28 


31.1 


1.0 


45.4 


13.2 


5.0 


MG 


1 SMB30AT3 


30 


33.3 


1.0 


48.4 


12.4 


5.0 


MK 


1 SMB33AT3 


33 


36.7 


1.0 


53.3 


11.3 


5.0 


MM 


1SMB36AT3 


36 


40.0 


1.0 


58.1 


10.3 


5.0 


MP 


1 SMB40AT3 


40 


44.4 


1.0 


64.5 


9.3 


5.0 


MR 


1SMB43AT3 


43 


47.8 


1.0 


69.4 


8.6 


5.0 


MT 


1 SMB45AT3 


45 


50.0 


1.0 


72.7 


8.3 


5.0 


MV 


1 SMB48AT3 


48 


53.3 


1.0 


77.4 


7.7 


5.0 


MX 


1SMB51AT3 


51 


56.7 


1.0 


82.4 


7.3 


5.0 


MZ 


1SMB54AT3 


54 


60.0 


1.0 


87.1 


6.9 


5.0 


NE 


1SMBS8AT3 


58 


64.4 


1.0 


93.6 


6.4 


5.0 


NG 


1 SMB60AT3 


60 


66.7 


1.0 


96.8 


6.2 


5.0 


NK 


1 SMB64AT3 


64 


71.1 


1.0 


103 


5.8 


5.0 


NM 


1 SMB70AT3 


70 


77.8 


1.0 


113 


5.3 


5.0 


NP 


1 SMB75AT3 


75 


83.3 


1.0 


121 


4.9 


5.0 


NR 


1 SMB78AT3 


78 


86.7 


1.0 


126 


4.7 


5.0 


NT 


1SMB85AT3 


85 


94.4 


1.0 


137 


4.4 


5.0 


NV 


1SMB90AT3 


90 


100 


1.0 


146 


4.1 


5.0 


NX 


1SMB100AT3 


100 


111 


1.0 


162 


3.7 


5.0 


NZ 


1SMB110AT3 


110 


122 


1.0 


177 


3.4 


5.0 


PE 


1SMB120AT3 


120 


133 


1.0 


193 


3.1 


5.0 


PG 


1SMB130AT3 


130 


144 


1.0 


209 


2.9 


5.0 


PK 


1SMB150AT3 


150 


167 


1.0 


243 


2.5 


5.0 


PM 


1SMB160AT3 


160 


178 


1.0 


259 


2.3 


5.0 


PP 


1SMB170AT3 


170 


189 


1.0 


275 


2.2 


5.0 


PR 



Note 1 : A transient suppressor is normally selected according to the reverse "Stand Oft Voltage" (V R ) which should be eoual to or greater than the DC or continuous peak operating 
voltage level. 

• V BR measured at pulse test current l T at an ambient temperaure of 25°C. 

t Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 Watt at the beginning of this group. 
Tt T3 suffix designates tape and reel of 2500 units. 



ABBREVIATIONS AND SYMBOLS 

Vr Stand Off Voltage. Applied reverse voltage to assure a 

non-conductive condition (See Note 1). 

v (BR)mln Tnis is tna minimum breakdown voltage the device will 
exhibit and is used to assure that conduction does not 
occur prior to this voltage level at 25°C. 

Vc Maximum Clamping Voltage. The maximum peak volt- 

age appearing across the transient suppressor when 

Devices listed in bold, italic are Motorola preferred devices. 
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subjected to the peak pusle current in a one millisecond 
time interval. The peak pulse voltages are the combina- 
tion of voltage rise due to both the series resistance and 
thermal rise. 

Ipp Peak Pulse Current — See Figure 2 

Pp Peak Pulse Power 

Id Reverse Leakage 



1SMB10CAT3 through 1SMB78CAT3 
Bi-Directional 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted). 







Breakdown Voltage* 




Peak 


Maximum 






Reverse 






Maximum 




Reverse Leakage 






\/~ _ w 


Pulse Current 






Stand-Off Voltage 


"OH 




Clamping Voltage 


(See Figure 2) 


@V R 






VR 


Volts 




Vc @ Ipp 


Ippt 


|R 


Device 


Devlcett 


Volts (1) 


Mln 


mA 


Volts 


Amps 


txA 


Marking 


1SMB10CAT3 


10 


11.1 


1 .0 


17.0 


35.3 


5.0 


KXC 


1SMB11CAT3 


11 


12.2 


1 .0 


18.2 


33.0 


5.0 


KZC 


1SMB12CAT3 


12 


13.3 


f.0 


19.9 


30.2 


5.0 


LEC 


1SMB13CAT3 


13 


14.4 


1.0 


21.5 


27.9 


5.0 


LGC 


1SMB14CA73 


14 


15 6 


1 


23.2 


25.8 


5.0 


LKC 


1SMB15CAT3 


15 


16.7 


1.0 


24.4 


24.0 


5.0 


LMC 


1SMB16CAT3 


16 


17.8 


1.0 


26.0 


23.1 


5.0 


LPC 


1SMB17CAT3 


17 


18.9 


1.0 


27.6 


21.7 


5.0 


LRC 


1SMB18CAT3 


18 


20 


I .u 


29.2 


20.5 


5.0 


LTC 


1 SMB20CAT3 


20 


22 2 


1 o 


32.4 


18.5 


5.0 


LVC 


1 SMB22CAT3 


22 


24^4 


i!o 


35.5 


16.9 


5.0 


LXC 


1 SMB24CAT3 


24 


26.7 


1.0 


38.9 


15.4 


5.0 


LZC 


1SMB26CAT3 


26 


28.9 


1 


42.1 


14.2 


5.0 


MEC 


1SMB28CAT3 


28 


31 1 


1 


45.4 


13.2 


5.0 


MGC 


1 SMB30CAT3 


30 


33.3 


1.0 


48.4 


12.4 


5.0 


MKC 


1 SMB33CAT3 


33 


36.7 


1.0 


53.3 


11.3 


5.0 


MMC 


1 SMB36CAT3 


36 


40.0 


1.0 


58.1 


10.3 


5.0 


MPC 


1 SMB40CAT3 


40 


AAA 


1.0 


64.5 


9.3 


5.0 


MRC 


1 CMS /tQr* ATQ 


43 


47.8 


1.0 


69.4 


8.6 


5.0 


MTC 


1 SMB45CAT3 


45 


50.0 


1.0 


72.7 


8.3 


5.0 


MVC 


1SMB48CAT3 


48 


53.3 


1.0 


77.4 


7.7 


5.0 


MXC 


1SMB51CAT3 


51 


56.7 


1.0 


82.4 


7.3 


5.0 


MZC 


1SMB54CAT3 


54 


60.0 


1.0 


87.1 


6.9 


5.0 


NEC 


1SMB58CAT3 


58 


64.4 


1.0 


93.6 


6.4 


5.0 


NGC 


1SMB60CAT3 


60 


66.7 


1.0 


96.8 


6.2 


5.0 


NKC 


1SMB64CAT3 


64 


71.1 


1.0 


103 


5.8 


5.0 


NMC 


1SMB70CAT3 


70 


77.8 


1.0 


113 


5.3 


5.0 


NPC 


1SMB75CAT3 


75 


83.3 


1.0 


121 


4.9 


5.0 


NRC 


1SMB78CAT3 


78 


86.7 


1.0 


126 


4.7 


5.0 


NTC 



Note 1 : A transient suppressor is normally selected according to the reverse "Stand Off Voltage" (V R ) which should be equal to or greater than the DC or continuous peak operating 
voltage level. 



* Vgp measured at pulse test current l T at an ambient temperaure of 25*C. 

t Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 Watt at the beginning of this group, 
tt T3 suffix designates tape and reel of 2500 units. 



ABBREVIATIONS AND SYMBOLS 

Vr Stand Off Voltage. Applied reverse voltage to assure a 

non-conductive condition (See Note 1). 

V(BR)min This is tne minimum breakdown voltage the device will 
exhibit and is used to assure that conduction does not 
occur prior to this voltage level at 25°C. 

Vc Maximum Clamping Voltage. The maximum peak volt- 

age appearing across the transient suppressor when 



subjected to the peak pusle current in a one millisecond 
time interval. The peak pulse voltages are the combina- 
tion of voltage rise due to both the series resistance and 
thermal rise. 

Ipp Peak Pulse Current — See Figure 2 

Pp Peak Pulse Power 

Ir Reverse Leakage 



Devices listed in bold, italic are Motorola preferred devices. 
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P6SMB6.8AT3 through P6SMB200AT3 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F = 3.5 V Max, l F " = 50 A for all types. 











UJnrl/Inn 

worKing 


Maximum 


Maximum 


Maximum 








Breakdown Voltage* 


Peak 


Reverse 


Reverse 


Reverse Voltage 


Maximum 












Reverse 


Leakage 


Surge 


@!rSM 


Temperature 








DM 1 1 

Volts 


Voltage 


^ * MWM 


Current 


(Clamping Voltage) 


Coefficient 










V*RWM 


'n 


iRSMt 


VrsM 


Of V B R 


Device 


Devlcett 


Mln 


Nom 


Max 


mA 


Volts 


uA 


Amps 


Volts 


%/°c 


Marking 


P6SMB8.8AT3 


6.45 


6.8 


7.14 


10 


5.8 


1000 


57 


10.5 


0.057 


6V8A 


P6SMB7. 5 A T3 


7.13 


7.5 


7.88 


10 


6.4 


500 


53 


11 

tt.J 


n ntn 


/VOM 


P6SMB8.2AT3 


7.79 


8 2 


8 61 




7.02 


200 


50 


12.1 


065 


8V2A 


P6SMB9.1 AT3 


8.65 


9 1 


9 55 




7.78 


50 


45 


13.4 


068 


9V1A 


P6SMB10AT3 


9.5 


10 


10.5 


1 


8.55 


10 


41 


14.5 


0.073 


10A 


P6SMB1 1 AT3 


10.5 


^ ■] 


116 




9.4 


5 


38 


1 5.6 


0.075 


11 A 


Pfi^MRIPATT 


11.4 


1 2 


12 6 




10.2 


5 


36 


16.7 


0.078 


12A 


P6SMB13AT3 


12.4 


13 


13 7 




11.1 


5 


33 


18.2 


O.Oflf 


13A 


P6SMB1SAT3 


14.3 


15 


15.8 




1 


12.8 


5 


28 


21.2 


0.084 


15A 


P6SMB16AT3 


15.2 


1/t 
TO 


IO.O 




13.6 


5 


27 


22.5 


0.086 


1HA 


rU^PnLJ l On 1 <J 


17.1 


ia 
to 


mo 
to. 9 


J 


15.3 


5 


24 


25.2 


0.088 


18A 


P6SMB20AT3 


19 


on 






17.1 


5 


22 


27.7 


0.09 


20A 


P6SMB22AT3 


20.9 


22 


23.1 




J 


18.8 


5 


20 


30.6 


0.092 


22A 


P6SMB24AT3 


22.8 


OA 


25.2 




20.5 


5 


18 


33.2 


0.094 


24A 


PR **MR97AT1 


25.7 


27 


28.4 




23.1 


5 


16 


37.5 


0.096 


27A 




28.5 


on 


31.5 




25.6 


5 


14.4 


41.4 


0.097 


30A 


P6SMB33AT3 


31,4 


33 


34.7 




1 


28.2 


5 


13.2 


45.7 


0.098 


33A 


P6SMB36AT3 


34.2 


OR 
JO 


07 Q 




30.8 


5 


12 


49.9 


0.099 


36A 


PfiRMBIQATI 


37.1 


oa 


41 




33.3 


5 


11.2 


53.9 


0.1 


39A 


PR9MR4?AT1 


40.9 


43 


45 2 




36 8 


5 


10 1 


59 3 


101 


43A 


P6SMB47AT3 


44.7 


47 


49.4 





40.2 


5 


9.3 


64.8 


0.101 


47A 


P6SMB51AT3 


48.5 


51 


53.6 




43.6 


5 


8.6 


70.1 


0.102 


51 A 


PR^MRRRATT 


53.2 


56 


58.8 




47 8 


5 


7.8 


77 


0.103 


56A 


PRSMRRPATT 


58.9 


62 


65.1 




53 


5 


7.1 


85 


0.104 


62A 


P6SMB68AT3 


64.6 


68 


71.4 




58.1 


5 


6.5 


92 


0.104 


68A 


rbbMb/DAI 3 


71.3 


75 


78.8 




64.1 


5 


5.8 


103 


0.1 05 


75A 


P6SMB82AT3 


77.9 


82 


86.1 




70.1 


5 


5.3 


113 


0.105 


82A 


P6SMB91 AT3 


86.5 


91 


95.5 




77.8 


5 


4.8 


125 


0.106 


91A 


P6SMB100AT3 


95 


100 


105 




85.5 


5 


4.4 


137 


0.106 


100A 


P6SMB110AT3 


105 


110 


116 




94 


5 


4 


152 


0.107 


11 OA 


P6SMB1 20AT3 


114 


120 


126 




102 


5 


3.6 


165 


0.107 


120A 


P6SMB130AT3 


124 


130 


137 




111 


5 


3.3 


179 


0.107 


130A 


P6SMB150AT3 


143 


150 


158 




128 


5 


2.9 


207 


0.108 


150A 


P6SMB160AT3 


152 


160 


168 




136 


5 


2.7 


219 


0.108 


160A 


P6SMB170AT3 


162 


170 


179 




145 


5 


2.6 


234 


0.108 


170A 


P6SMB180AT3 


171 


180 


189 




154 


5 


2.4 


246 


0.108 


180A 


P6SMB200AT3 


190 


200 


210 




171 


5 


2.2 


274 


0.108 


200A 



• V BR measured at pulse lest current \j at an ambient temperaure of 25°C. 
* * 1/2 sine wave (or equivalent square wave). PW - 8.3 ms. duty cycle - 4 pulses per minute maximum. 

t Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 Watt at the beginning of this group, 
tt T3 suffix designates tape and reel of 2500 units. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



P6SMB11CAT3 through P6SMB91CAT3 
Bi-Directional 



ELECTRICAL CHARACTERISTICS Oa - 25°C unless otherwise noted) V F = 3.5 V Max, Ip" = 50 A for all types. 

















Maximum 








Breakdown Voltage* 


UJnrlrlnn 


Maximum 


Maximum 


Reverse Voltage 














Peak 


Reverse 


Reverse 


@!rSM 


Maximum 




















VBR 


@lT 


Reverse 


Leakage 


Surge 


(Clamping 


Temperature 








Volts 


Voltage 


@ V RWM 


Current 


Voltage) 


Coefficient 






















Device 




Min 


Nom 


Max 


mA 


Vrwm 


■r 


'RSMt 


V RSM 


of V BR 


Device! t 


Volts 


uA 


Amps 


Volts 


%rc 


Marking 


Pfi^MRI 1 HAT* 


10.5 


ii 


11.6 


1 


9.4 


5 


38 


15.6 


0.075 


11C 


P6SMB1 2CAT3 


11.4 


12 


12.6 


1 


10.2 


5 


36 


16.7 


0.078 


12C 


P6SMB1 3CAT3 


12.4 


13 


13.7 


1 


11.1 


5 


33 


18.2 


0.081 


13C 


P6SMB15CAT3 


14.3 


15 


15.8 


1 


12.8 


5 


28 


21.2 


0.084 


15C 


rOOMDl DV/ftl o 


15.2 


1 ft 


16.8 


1 


13 6 


e 


27 


22 5 


086 


16C 


P6SMB18CAT3 


17.1 


18 


18.9 


1 


15.3 


5 


24 


25.2 


0.088 


18C 


P6SMB20CAT3 


19 


on 


21 


1 


17.1 


5 


22 


27.7 


0.09 


20C 


P6SMB22CAT3 


20.9 


22 


23.1 




18.8 


5 


20 


30.6 


0.092 


22C 


ro&Mb24L-A. o 


22.8 


24 


25.2 




20.5 


5 


18 


33.2 


U.uy4 


24C 




25.7 


27 


28.4 




23.1 


5 


16 


37.5 


0.096 


27C 


rOOIvlDOUvMI o 


28.5 


30 


31.5 




25 6 


5 


14.4 


41 .4 


0.097 


30C 


P6SMB33CAT3 


31.4 


33 


34.7 




28.2 


5 


13.2 


45.7 


0.098 


33C 


rOoMBJOOA 1 O 


34.2 


36 


37.8 




30.8 


5 


12 


49.9 


0.099 


ooo 


P6SMB39CAT3 


37.1 


39 


41 




33.3 


5 


11.2 


53.9 


0.1 


39C 


P6SMB43CAT3 


40.9 


43 


45.2 




36.8 


5 


10.1 


59.3 


0.101 


43C 


P6SMB47CAT3 


44.7 


47 


49.4 




40.2 


5 


9.3 


64.8 


0.101 


47C 


P6SMB51 CAT3 


48.5 


51 


53.6 




43.6 


5 


8.6 


70.1 


0.102 


51 C 


P6SMB56CAT3 


53.2 


56 


58.8 




47.8 


5 


7.8 


77 


0.103 


56C 


P6SMB62CAT3 


58.9 


62 


65.1 




53 


5 


7.1 


85 


0.104 


62C 


P6SMB68CAT3 


64.6 


68 


71.4 




58.1 


5 


6.5 


92 


0.104 


68C 


P6SMB75CAT3 


71.3 


75 


78.8 




64.1 


5 


5.8 


103 


0.105 


75C 


P6SMB82CAT3 


77.9 


82 


86.1 




70.1 


5 


5.3 


113 


0.105 


82C 


P6SMB91CAT3 


86.5 


91 


95.5 




77.8 


5 


4.8 


125 


0.106 


91C 



* VgR measured at pulse test current at an ambient temperaure ol 25°C. 
* * 1/2 sine wave (or equivalent square wave). PW - 8.3 ms. duty cycle - 4 pulses per minute maximum. 

1 Surge current waveform per F^ure 2 and derate per Figure 3 ol the General Data - 600 Watt at the beginning of this group, 
tt T3 suffix designates tape and reel of 2500 units. 



Devices listed in bold, italic are Motorola preferred devices. 
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naiisieru voitage suppressors — surrace Mounted 
600 Watt Peak Power 




CASE 403A 
PLASTIC 




(inchesN 
mm J 



SMB Footprint 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. D DIMENSION SHALL BE MEASURED WITHIN 
DIMENSION P. 



DIM 


INC 


HES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.160 


0.160 


4.06 


4.6? 


I 


0.130 


0.160 


3.30 


3.61 


C 


0.076 


0.095 


1.90 


2.41 


D 


0477 


0.063 


1.96 


2.11 


H 


:. 


: :> : 


3.051 


0.152 


J 


0.006 


0.012 


0.15 


0.30 


K 


0.030 


0.050 


0.76 


1.27 


P 


0.020 REF 


0.51 


3EF 


S 


:::: ] oar. 


52- | 5.59 



(Refer to Section 1 lor Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


T3 (13 inch reel) 


2.5K 



(Refer to Section 1 for more information on Packaging Specifications.) 
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Motorola TVS/Zener Device Data 



MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

Zener Transient Voltage Suppressors 

The SMC series is designed to protect voltage sensitive components from high voltage, 
high energy transients. They have excellent clamping capability, high surge capability, low 
zener impedance and fast response time. The SMC series is supplied in Motorola's 
exclusive, cost-effective, highly reliable Surmetic package and is ideally suited for use in 
communication systems, numerical controls, process controls, medical equipment, 
business machines, power supplies and many other industrial/consumer applications. 
Specification Features: 

• Standard Zener Breakdown Voltage Range — 6.8 to 91 V 

• Stand-off Voltage Range — 5 to 78 V 

• Peak Power — 1500 Watts @ 1 ms 

• Maximum Clamp Voltage @ Peak Pulse Current 

• Low Leakage < 5 uA Above 1 V 

• Maximum Temperature Coefficient Specified 

• Available in Tape and Reel 

• Response Time Typically < 1 ns 

Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by molded polarity notch. When operated in zener mode, 

will be positive with respect to anode 
MOUNTING POSITION: Any 

LEADS: Modified L-Bend providing more contact area to bond pads 

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: 260°C for 10 seconds 

WAFER FAB LOCATION: Phoenix, Arizona 

ASSEMBLY/TEST LOCATION: Seremban, Malaysia 



GENERAL 

DATA 
1500 WATT 
PEAK POWER 



PLASTIC SURFACE MOUNT 
ZENER OVERVOLTAGE 
TRANSIENT 
SUPPRESSORS 
6.8-91 VOLTS 
1500 WATT PEAK POWER 



CASE 403 
PLASTIC 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Peak Power Dissipation (1) 
@ T|_ < 25°C 


PPK 


1500 


Watts 


Forward Surge Current (2) 
@ Ta = 25°C 


IFSM 


200 


Amps 


Operating and Storage Temperature Range 


Tj, T stq 


-65 to +150 


°C 



NOTES: 1 . Nonrepetitrve current pulse per Figure 2 and derated above - 25°C per Figure 3. 

2. 1/2 sine wave (or equivalent square wave), PW - 8.3 ms. duly cycle - 4 pulses per minute maximum. 
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GENERAL DATA — 



1500 WATT PEAK POWER 




0.1 (Xs 1 Jls 10 us 100 |Js 1ms 10 ms 



tp, PULSE WIDTH 
Figure 1. Pulse Rating Curve 
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Figure 3. Pulse Derating Curve 
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Figure 2. Pulse Waveform 
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Figure 4. Dynamic Impedance 
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ENERAL DATA — 1500 WATT PEAK POWER 



APPLICATION NOTES 



RESPONSE TIME 

In most applications, the transient suppressor device is 
placed in parallel with the equipment or component to be pro- 
tected. In this situation, there is a time delay associated with 
the capacitance of the device and an overshoot condition 
associated with the inductance of the device and the induc- 
tance of the connection method. The capacitive effect is of mi- 
nor importance in the parallel protection scheme because it 
only produces a time delay in the transition from the operating 
voltage to the clamp voltage as shown in Figure 5. 

The inductive effects in the device are due to actual turn-on 
time (time required for the device to go from zero current to full 
current) and lead inductance. This inductive effect produces 
an overshoot in the voltage across the equipment or compo- 
nent being protected as shown in Figure 6. Minimizing this 
overshoot is very important in the application, since the main 
purpose for adding a transient suppressor is to clamp voltage 
spikes. The SMC series have a very good response time, typi- 
cally < 1 ns and negligible inductance. However, external 
inductive effects could produce unacceptable overshoot. 
Proper circuit layout, minimum lead lengths and placing the 



suppressor device as close as possible to the equipment or 
components to be protected will minimize this overshoot. 

Some input impedance represented by Zj n is essential to 
prevent overstress of the protection device. This impedance 
should be as high as possible, without restricting the circuit 
operation. 

DUTY CYCLE DERATING 

The data of Figure 1 applies for non-repetitive conditions 
and at a lead temperature of 25°C. If the duty cycle increases, 
the peak power must be reduced as indicated by the curves of 
Figure 7. Average power must be derated as the lead or ambi- 
ent temperature rises above 25°C. The average power derat- 
ing curve normally given on data sheets may be normalized 
and used for this purpose. 

At first glance the derating curves of Figure 7 appear to be in 
error as the 1 ms pulse has a higher derating factor than the 
10 us pulse. However, when the derating factor for a given 
pulse of Figure 7 is multiplied by the peak power value of Fig- 
ure 1 for the same pulse, the results follow the expected trend. 



TYPICAL PROTECTION CIRCUIT 





to - TIME DELAY DUE TO CAPACITIVE EFFECT 



OVERSHOOT DUE TO 
INDUCTIVE EFFECTS 




Figure 5. 
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D, DUTY CYCLE (%) 
Figure 7. Typical Derating Factor for Duty Cycle 
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1SMC5.0AT3 through 1SMC78AT3 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted). 





Reverse 


Breakdown Voltage* 


Maximum 


Peak 


Maximum 






Von 


@ It 


Pulse Current 


Reverse Leakage 






CtanH Off Unltana 

orano-un vonage 


'on 




Clamping Voltage 




\r— 

<g> Vr 






Vd 


Volts 




Vr @ Inn 
w Dp 


Innt 
PP 1 


Id 


Device 


D6ViC6"|"1" 




Mln 


mA 


Volts 


Amps 


iiA 


Marking 


1 SMC5.0AT3 


5.0 


6.40 


10 


9.2 


163.0 


1000 


GDE 


1 SMC6.0AT3 


6.0 


6.67 


10 


10.3 


145.6 


1000 


GDG 




6.5 


7.22 


10 


11.2 


133.9 


500 


GDK 


1 HAT* 


7 n 
/ .u 


7.78 


10 


12 


125 


200 


GDM 


1SMC7.5AT3 


7.5 


8.33 


1.0 


12.9 


116.3 


100 


GDP 


1SMC8.0AT3 


8.0 


8.89 


1.0 


13.6 


110.3 


50 


GDR 


1 QMPR I". fl.T*"l 


o.o 


9.44 


1.0 


14 4 


11*14 


20 


GDT 


\ oMOy.UM I J 


Q ft 

y.u 


10.0 


1.0 




Q7 A 
y 1 .H 


1 n 
I u 


GDV 


1SMC10AT3 


10 


11.1 


1.0 


17.0 


88.2 


5.0 


GDX 


1SMC11AT3 


11 


12.2 


1.0 


18.2 


82.4 


5.0 


GDZ 


1 CMi"^1 O ATQ 


1 2 


13.3 


1.0 


1 9.9 


75.3 


5.0 


ncc 
utt 


1 GMf""M Q ATQ 
1 oMU I JAI o 


1 3 


14.4 


1.0 


21 .5 


69.7 


5.0 


pep 


1SMC14AT3 


14 


15.6 


1.0 


23.2 


64.7 


5.0 


GEK 


1SMC15AT3 


15 


16.7 


1.0 


24.4 


61.5 


5.0 


GEM 


IbMOi bAI d 


16 


17.8 


1.0 


26.0 


57.7 


5.0 


GEP 


1SMC17AT3 


17 


18.9 


1.0 


27.6 


53.3 


5.0 


GER 


1SMC18AT3 


18 


20.0 


1.0 


29.2 


51.4 


5.0 


GET 


1 SMC20AT3 


20 


22.2 


1.0 


32.4 


46.3 


5.0 


GEV 


A O It kf~ xr t'~i ATO 


22 


24.4 


1.0 


35.5 


42.2 


5.0 


GEX 


h PUr"!^ ATO 


24 


26.7 


1.0 


38.9 


38.6 


5.0 


GEZ 


1SMC26AT3 


26 


28.9 


1.0 


42.1 


35.6 


5.0 


GFE 


1 SMC28AT3 


28 


31.1 


1.0 


45.4 


33.0 


5.0 


GFG 


IbMGoUAl J 


30 


33.3 


1.0 


48.4 


31 .0 


5.0 


GFK 




33 


36.7 


1.0 


53.3 


28.1 


5.0 


GFM 


1SMC36AT3 


36 


40.0 


1.0 


58.1 


25.8 


5.0 


GFP 


1 SMC40AT3 


40 


44.4 


1.0 


64.5 


23.2 


5.0 


GFR 


1 SMC43AT3 


43 


47.8 


1.0 


69.4 


21.6 


5.0 


GFT 


1 SMC45AT3 


45 


50.0 


1.0 


72.7 


20.6 


5.0 


GFV 


1 SMC48AT3 


48 


53.3 


1.0 


77.4 


19.4 


5.0 


GFX 


1SMC51AT3 


51 


56.7 


1.0 


82.4 


18.2 


5.0 


GFZ 


1 SMC54AT3 


54 


60.0 


1.0 


87.1 


17.2 


5.0 


GGE 


1SMC58AT3 


58 


64.4 


1.0 


93.6 


16.0 


5.0 


GGG 


1 SMC60AT3 


60 


66.7 


1.0 


96.8 


15.5 


5.0 


GGK 


1 SMC64AT3 


64 


71.1 


1.0 


103 


14.6 


5.0 


GGM 


1 SMC70AT3 


70 


77.8 


1.0 


113 


13.3 


5.0 


GGP 


1 SMC75AT3 


75 


83.3 


1.0 


121 


12.4 


5.0 


GGR 


1SMC78AT3 


78 


86.7 


1.0 


126 


11.4 


5.0 


GGT 



Note 1 : A transient suppressor is normally selected according to the reverse "Stand Off Voltage" (Vq) which should be equal to or greater than the DC or continuous peak operating 
voltage level. 



' v B r measured at pulse test current l T at an ambient temperaure of 25°C. 

t Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 1500 Watt at the beginning of this group. 
Tt T3 suffix designates tape and reel of 2500 units. 



ABBREVIATIONS AND SYMBOLS 

Vr Stand Off Voltage. Applied reverse voltage io assure a 

non-conductive condition (See Note 1). 

V(BR)mln This is the minimum breakdown voltage the device will 
exhibit and is used to assure that conduction does not 
occur prior to this voltage level at 25°C. 

Vc Maximum Clamping Voltage. The maximum peak volt- 

age appearing across the transient suppressor when 



subjected to the peak pusle current in a one millisecond 
time interval. The peak pulse series resistance and 
thermal rise. 

Ipp Peak Pulse Current — See Figure 2 

Pp Peak Pulse Power 

Ir Reverse Leakage 



Devices listed in bold, italic are Motorola preferred devices. 
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1.5SMC6.8AT3 through 1.5SMC91AT3 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F = 3.5 V Max, l F " = 100 A for all types. 











111 — -1,1 _ 

Working 


Maximum 


Maximum 


Maximum 








Breakdown Voltage* 


Peak 


Reverse 


Reverse 


Reverse Voltage 


Maximum 








Von 


It 


Reverse 


Leakage 


Surge 


@'rsm 


Temperature 








Vnlts 


Voltage 


^ V RWM 


Current 


(Clamping Voltage) 


OVOI 1 11.1011 1 












VpWM 


■r 


'RSMt 


VRSM 


of Vrp 

*Dn 


Device 














Device! t 


Mln 


Nom 


Max 


mA 


Volts 




Amps 


Volts 


%/°c 


Marking 


1.5SMC6.8AT3 


6.45 


6.8 


7.14 


10 


5.8 


1000 


143 


10.5 


0.057 


6V8A 


1 .ObML'/.oAl O 


7.13 


7.5 


7.88 


10 


6.4 


500 


132 


11 .3 


0.061 


/ VDA 


1 .5SMC8.2AT3 


7.79 






7.02 


200 


124 


12.1 


0.065 


8V2A 


1 .5SMC9.1 AT3 










7.78 


50 


112 


13.4 


0.068 


9V1 A 


1 .5SMC1 0AT3 


9.5 


10 


10.5 


1 


8.55 


10 


103 


14.5 


0.073 


10A 


1 .obMLill Al 3 


10.5 


11 


11.6 


1 


9.4 


5 


96 


15.6 


0.075 


11 A 


1 5RM012AT3 


11.4 


12 


12.6 


1 


10.2 


5 


90 


16.7 


0.078 


12A 


1.5SMC13AT3 


12.4 


13 


13.7 


1 


11.1 


5 


82 


18.2 


0.081 


13A 


1.5SMC15AT3 


14.3 


15 


15.8 




12.8 


5 


71 


212 


0.084 


15A 


1 .OoMul OA 1 o 


15.2 


16 


16.8 




13.6 


5 


67 


22.5 


0.086 


1 6A 


1 .5SMC18AT3 


17.1 


18 


18.9 




15.3 


5 


59 5 


25 2 


0.088 


1 8A 


1 .5SMC20AT3 


19 


20 


21 




17.1 


5 


54 


27.7 


0.09 


20A 


1 .5SMC22AT3 


20.9 


22 


23.1 




18.8 


5 


49 


30.6 


0.092 


22A 


l.OOMi,24A 13 


22,8 


24 


25.2 




20.5 


5 


45 


33.2 


0.094 


24A 


I .-JO'VI w^l O 


25.7 


27 


28.4 




23 1 


■ 


40 


37 5 


096 


27 A 


1 ^SMmnAT^ 

I . JO I VI W\JVJ A\ i ^> 


28.5 


30 


31.5 




25 6 


5 


36 


41 4 


097 


30A 


l.5SMC33dr3 


31.4 


33 


34.7 




2.8.2 


5 


33 


45.7 


0.098 


33A 


1.5SMC36AT3 


34.2 


36 


37.8 




30.8 


5 


30 


49.9 


0.099 


36A 


1.SSMC39AT3 


37.1 


39 


41 




33.3 


5 


28 


53.9 


0.1 


39A 


1.5SMC43AT3 


40.9 


43 


45.2 




36.8 


5 


25.3 


59.3 


0.101 


43A 


1.5SMC47AT3 


44.7 


47 


49.4 




40.2 


5 


23.2 


64.8 


0.101 


47A 


1.5SMC51AT3 


48.5 


51 


53.6 




43.6 


5 


21.4 


70.1 


0.102 


51A 


1.5SMC56AT3 


53.2 


56 


58.8 




47.8 


5 


19.5 


77 


0.103 


56A 


1.5SMC62AT3 


58.9 


62 


65.1 




53 


5 


17.7 


85 


0.104 


62A 


1.5SMC68AT3 


64.6 


68 


71.4 




58.1 


5 


16.3 


92 


0.104 


6SA 


1.5SMC7SAT3 


71.3 


75 


78.8 




64.1 


5 


14.6 


103 


0.105 


75A 


1.5SMC82AT3 


77.9 


82 


86.1 




70.1 


5 


13.3 


113 


0.105 


82A 


1.5SMC91AT3 


86.5 


91 


95.5 




77.8 


5 


12 


125 


0.106 


91A 



' V BR measured at pulse lest current Ij at an ambient temperaure cf 25 8 C. 
"1/2 sine wave {or equivalent square wave), PW - 9.3 ms, duty cycle - 4 pulses per minute maximum. 

t Surge current waveform per Figure 2 and derate per Figure 3 ot General Data — 1600 Watt at the beginning of this group, 
tt T3 suffix designates tape and reel of 2500 units. 



Devices listed in bold, italic are Motorola preferred devices. 
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Transient Voltage Suppressors — Surface Mounted 
1500 Watt Peak Power 





CASE 403 
(SMC) 



0.171 




4.343 





/ inches \ 

0.110 — 
2794 \ mm / 

SMC Footprint 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLLING DIMENSION: INCH. 

3. D DIMENSION SHALL BE MEASURED WITHIN 
DIMENSION P. 







MAX 


MILLIk 
MIN 


ETERS 
MAX 




0.260 


0.280 


6.60 


7.11 


a 


0.220 


0.240 


5.59 


6.10 


c 


0.075 


0.095 


1.90 


2.41 


D 


0.115 


0.121 


2.92 


3.0? 


H 


: : ::: 


0.0060 


0.051 


0.152 


J 


0.006 


0.012 


0.15 


0.30 


K 


0.O30 


0.050 


0.76 


127 


P 


0.02 


JREF 


0.61 REF 


1 


0.305 


0.320 


7.75 | 8.13 



(Refer to Section 10 lor Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


T3 (13 inch reel) 


2.5K 



(Refer to Section 1 for more information on Packaging Specifications.) 
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Section Six 



Zener Voltage 
Regulator Diodes — 
Axial Leaded 
Data Sheets 

500 mW DO-35 Glass 

General Data 6-2 

1 N4370A through 1 N4372A, 1 N746A through 

1 N759A and 1 N957B through 1 N992B 6-8 

1N4678 through 1N4717 6-10 

1 N5221 B through 1 N5281 B 6-11 

1 N5985B through 1N6025B 6-13 

BZX55C2V4RL through BZX55C91 RL 6-14 

BZX79C2V4RL through BZX79C200RL 6-15 

BZX83C2V7RL through BZX83C33RL and 

ZPD2.7RL through ZPD33RL 6-16 

MZ461 4 through MZ4627 6-17 

MZ5520B through MZ5530B 6-18 

1-1.3 Watt DO-41 Glass 

General Data 6-20 

1 N4728A through 1 N4764A 6-24 

BZX85C3V3RL through BZX85C100RL 6-25 

MZPY3.9RL through MZPY100RL 6-26 

1 -3 Watt DO-41 Surmetic 30 

General Data 6-28 

1 N5913B through 1N5956B 6-31 

3EZ3.9D5 through 3EZ400D5 6-33 

MZD3.9 through MZD200 6-35 

MZP4728A through MZP4764A, 

1 M110ZS5 through 1M200ZS5 6-36 

5 Watt Surmetic 40 

1 N5333B through 1 N5388B 6-38 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



500 mW DO-35 Glass 

Zener Voltage Regulator Diodes 

GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

500 Milliwatt 

Hermetically Sealed 

Glass Silicon Zener Diodes * 

Specification Features: 

• Complete Voltage Range — 1 .8 to 200 Volts 

• DO-204AH Package — Smaller than Conventional DO-204AA Package 

• Double Slug Type Construction 

• Metallurgical^ Bonded Construction 

Mechanical Characteristics: 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16" from 
case for 1 seconds 

FINISH: All external surfaces are corrosion resistant with readily solderable leads 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 

will be positive with respect to anode 
MOUNTING POSITION: Any 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seoul, Korea 



GENERAL 
DATA 

500 mW 
DO-35 GLASS 



GLASS ZENER DIODES 
500 MILLIWATTS 
1.8-200 VOLTS 




MAXIMUM RATINGS (Motorola Devices)- 



Rating 


Symbol 


Value 


Unit 


DC Power Dissipation and T|_ s 75°C 
Lead Length = 3/8* 
Derate above Tj_ = 75"C 


PD 


500 
4 


mW 
mW/°C 


Operating and Storage Temperature Range 


Tj,T stq 


- 65 to +200 


°C 



• Some part number series have lower JEDEC registered ratings. 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 500 mW DO-35 GLASS 



APPLICATION NOTE — ZENER VOLTAGE 



Since the actual voltage available from a given zener diode 
is temperature dependent, it is necessary to determine junc- 
tion temperature under any set of operating conditions in order 
to calculate its value. The following procedure is recom- 
mended: 

Lead Temperature, T|_, should be determined from: 
T|_ = BlaPd + T A . 
G la is the lead-to-ambientthermal resistance (°C/W) and Pq is 
the power dissipation. The value for 9|_a will vary and depends 
on the device mounting method. 9la is generally 30 to 40°C/W 
for the various clips and tie points in common use and for 
printed circuit board wiring. 

The temperature of the lead can also be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsed operation 
once steady-state conditions are achieved. Using the mea- 
sured value of T[_, the junction temperature may be deter- 
mined by: 

Tj = T L + ATjl. 

ATjl is the increase in junction temperature above the lead 
temperature and may be found from Figure 2 for dc power: 

ATjl = 9j L Pd- 
For worst-case design, using expected limits of lz, limits of 
Pq and the extremes of Tj(aTj) may be estimated. Changes in 
voltage, Vz, can then be found from: 

AV = evzTj. 

8VZ. the zener voltage temperature coefficient, is found from 
Figures 4 and 5. 

Under high power-pulse operation, the zener voltage will 
vary with time and may also be affected significantly by the 
zener resistance. For best regulation, keep current excursions 
as low as possible. 

Surge limitations are given in Figure 7. They are lower than 
would be expected by considering only junction temperature, 
as current crowding effects cause temperatures to be ex- 
tremely high in small spots, resulting in device degradation 
should the limits of Figure 7 be exceeded. 
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Figure 2. Typical Thermal Resistance 
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Figure 3. Typical Leakage Current 
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GENERAL DATA — 500 mW DO-35 C 






V Z , ZENER VOLTAGE (VOLTS) V z , ZENER VOLTAGE (VOLTS) 

Figure 6a. Typical Capacitance 2.4-100 Volts Figure 6b. Typical Capacitance 120-200 Volts 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 500 mW DO-35 GLASS 




12 5 10 

PW, PULSE WIDTH (ms) 
Figure 7a. Maximum Surge Power 1.8-91 Volts 
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Figure 7b. Maximum Surge Power DO-204AH 
100-200 Volts 



2 5 10 
l Z ,ZENER CURRENT (mA) 



Figure 8. Effect of Zener Current on 
Zener Impedance 




V Z , ZENER VOLTAGE (VOLTS) 

Figure 9. Effect of Zener Voltage on Zener Impedance 



V F , FORWARD VOLTAGE (VOLTS) 
Figure 10. Typical Forward Characteristics 
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GENERAL DATA — 500 mW DO-35 GLASS 

















































\ 

1 




















/ 




T A = 25 








/ 


{ 














































1 1 


f 





































1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Vz, ZENER VOLTAGE (VOLTS) 

Figure 11. Zener Voltage versus Zener Current — Vz = 1 thru 16 Volts 
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Figure 12. Zener Voltage versus Zener Current — Vz = 15 thru 30 Volts 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 500 mW DO-35 GLASS 




Motorola TVS/Zener Device Data 
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Nominal 
Zener Voltage 
V7 @ Itt 
(Note 2) 
Volts 


Test 
Current 
l ZT 
mA 


Maximum Zener Impedance 

Z ZT @ ! ZT 
(Note 3) 
Ohms 


Maximum 
DC Zener Current 
l ZM 
(Note 4) 
mA 


Maximum Reverse Leakage Current 


Type 
Number 
(Note 1) 


T A = 25°C 
Ir@Vr = 1V 
mA 


Ta = 150°C 

l R @V R = 1 V 

jtA 


1 N4370A 


2.4 


20 


I — 

30 


l ou 


100 


200 


1N4371A 


2.7 


20 


30 


1 JO 


75 


150 


1 N4372A 


3 


20 


29 


120 


50 


100 


1N746A 


3.3 


20 


28 


110 


10 


30 


1N747A 


3.6 


20 


24 


100 


10 


30 


1N748A 


3.9 


20 


23 


95 

— 


10 


30 


1 N749A 


4.3 


20 


22 


85 


2 


30 


1 N750A 


4.7 


20 


19 


75 


2 


30 


1N751A 


5.1 


20 


17 


70 


1 


20 


1N752A 


5.6 


20 


11 


65 


1 


20 


1N753A 


6.2 


20 


7 


60 


0.1 


20 


1N754A 


6.8 


20 


5 


55 


0.1 


20 


1 N755A 


7.5 


20 


6 


50 


0.1 


20 


1 N756A 


8.2 


20 


8 


45 


0.1 


20 


1 N757A 


9.1 


20 


10 


40 


0.1 


20 


1N758A 


10 


20 


17 


35 


0.1 


20 


1N759A 


12 


20 


30 


30 


0.1 


20 



Type 
Number 
(Note 1) 


Nominal 
Zener Voltage 

V Z 
(Note 2) 
Volts 


Test 

vUl 1 ol 1 1 

lZT 
mA 


Maximum Zener Impedance 
(Note 3) 


Maximum 
DC Zener Current 

'ZM 
(Note 4) 
mA 


Maximum Reverse Current 


Zzt@IzT 
Ohms 


ZZK @ 'ZK 
Ohms 


IZK 
mA 


Ir Maximum 
HA 


Test Voltage Vdc 
Vr 


1N957B 


6.8 


18.5 


4.5 


700 


1 


47 


150 


5.2 


1 N958B 


7.5 


16.5 


5.5 


700 


0.5 


42 


75 


5.7 


1 N959B 


8.2 


15 


6.5 


700 


0.5 


38 


50 


6.2 


1N960B 


9.1 


14 


7.5 


700 


0.5 


35 


25 


6.9 


1N961B 


10 


12.5 


8.5 


700 


0.25 


32 


10 


7.6 


1 N962B 


11 


11.5 


9.5 


700 


0.25 


28 


5 


8.4 


1N963B 


12 


10.5 


11.5 


700 


0.25 


26 


5 


9.1 


1 N964B 


13 


9.5 


13 


700 


0.25 


24 


5 


9.9 


1 N965B 


15 


8.5 


16 


700 


0.25 


21 


5 


11.4 


1N966B 


16 


7.8 


17 


700 


0.25 


19 


5 


12.2 


1N967B 


18 


7 


21 


750 


0.25 


17 


5 


13.7 


1N968B 


20 


6.2 


25 


750 


0.25 


15 


5 


15.2 


1N969B 


22 


5.6 


29 


750 


0.25 


14 


5 


16.7 


1 N970B 


24 


5.2 


33 


750 


0.25 


13 


5 


18.2 


1N971B 


27 


4.6 


41 


750 


0.25 


11 


5 


20.6 


1N972B 


30 


4.2 


49 


1000 


0.25 


10 


5 


22.8 


1N973B 


33 


3.8 


58 


1000 


0.25 


9.2 


5 


25.1 


1N974B 


36 


3.4 


70 


1000 


0.25 


8.5 


5 


27.4 


1 N975B 


39 


3.2 


80 


1000 


0.25 


7.8 


5 


29.7 


1 N976B 


43 


3 


93 


1500 


0.25 


7 


5 


32.7 


1 N977B 


47 


2.7 


105 


1500 


0.25 


6.4 


5 


35.8 


1 N978B 


51 


2.5 


125 


1500 


0.25 


5.9 


5 


38.8 


1N979B 


56 


2.2 


150 


2000 


0.25 


5.4 


5 


42.6 


1N980B 


62 


2 


185 


2000 


0.25 


4.9 


5 


47.1 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



1N4370A through 1N4372A, 1N746A through 1N759A, 
1N957B through 1N992B 



Type 
Number 
(Note 1) 


Nominal 
Zener Voltage 
Vz 

Volts 


Test 
Current 

mA 


Maximum Zener Impedance 
(Note 3) 


Maximum 
DC Zener Current 

>ZM 
(Note 4) 
mA 


Maximum Reverse Leakage Current 


ZZT@IZT 
Ohms 


ZZK @ >ZK 
Ohms 


IZK 
mA 


Ir Maximum 
MA 


Test Voltage Vdc 
Vr 


1N981B 


68 


1.8 


230 


2000 


0.25 


4.5 


5 


51.7 


1N982B 


75 


1.7 


270 


2000 


0.25 


4.1 


5 


56 


1N983B 


82 


1.5 


330 


3000 


0.25 


3.7 


5 


62.2 


1 N984B 


91 


1 .4 


400 


3000 


0.25 


3.3 


5 


69.2 


1N985B 


100 


1.3 


500 


3000 


0.25 


3 


5 


76 


1N986B 


110 


1.1 


750 


4000 


0.25 


2.7 


5 


83.6 


1N987B 


120 


1 


900 


4500 


0.25 


2.5 


5 


91.2 


1N988B 


130 


0.95 


1100 


5000 


0.25 


2.3 


5 


98.8 


1N989B 


150 


0.85 


1500 


6000 


0.25 


2 


5 


114 


1N990B 


160 


0.8 


1700 


6500 


0.25 


1.9 


5 


121.6 


1N991B 


180 


0.68 


2200 


7100 


0.25 


1.7 


5 


136.8 


1N992B 


200 


0.65 


2500 


8000 


0.25 


1.5 


5 


152 



NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 



9 Designation 

The type numbers shown have tolerance designations as follows: 
1 N4370A series: ±6% units. C for ±2%, D for ±1 %. 
1 N746A series: ±5% units. C tor i2%, D for ±1%. 
1 N9S7B series: ±5% units. C tor ±2%. D tor ±1%. 

NOTE 2. ZENER VOLTAGE (V z ) MEASUREMENT 

Nominal zener voltage is measured with the device junction in thermal equilibrium at the lead 
temperature of 30'C ±1 -C and 3/8- lead length. 



NOTE 3. ZENER IMPEDANCE (Z z ) DERIVATION 

Zzt and Z^k are measured by dividing the ac voltage drop across the device by the ac cunent 
applied. The specified limits are for l z (ac) - 0.1 l z (dc) with the ac frequency - 60 Hz. 

NOTE 4. MAXIMUM ZENER CURRENT RATINGS (l ZM ) 

Values shown are based on the JEDEC rating of 400 mW. Where the actual zener voltage 
(V 2 ) is known at the operating point, the maximum zener current may be increased and is 
limited by the derating curve. 




Devices listed in bold, italic are Motorola preferred devices. 
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1N4678 through 1N4717 



Low level oxide passivated zener diodes for applications re- 
quiring extremely low operating currents, low leakage, and 
sharp breakdown voltage. 



Zener Voltage Specified @ \zj = 50 uA 
Maximum Delta Vz Given from 10 to 100 uA 



ELECTRICAL CHARACTERISTICS (T A = 25°C, V F = 1 .5 V Max at l F = 1 00 mA for all types) 



Type 
Number 


Zener Voltage 
V Z @ l ZT = 50 uA 
Volts 


Maximum 
Reverse Current 
IRMA 


Test 
Voltage 
Vr Volts 


Maximum 
Zener Current 
IZM mA 
(Note 2) 


Maximum 
Voltage Change 
A Vz Volts 
(Note 4) 


(Note 1) 


Norn (Note 1) 


Mln 


Max 


(Note 3) 


1N4678 
1N4679 
1 N4680 
1N4681 
1 N4682 


1.8 

2 

2.2 

O A 

2.7 


1.71 
1.9 
2.09 
2 28 
2.565 


1.89 

2.1 
2.31 
2 52 
2.835 


7.5 
5 
4 
2 
1 




120 
110 
100 
95 
90 


0.7 
0.7 

0.75 
0.8 

0.85 


1 N4683 
1 N4684 
1N4685 
1 N4686 
1 N4687 


3 

3.3 
3.6 
3 9 
4.3 


2.85 
3.135 

3.42 
3 705 
4.085 


3.15 
3.465 
3.78 
4 095 
4.515 


0.8 
7.5 
7.5 

5 

4 


1.5 
2 
2 
2 


85 
80 
75 
70 
65 


0.9 
0.95 
0.95 
0.97 
0.99 


1N4688 

1N4689 
1N4690 
1N4691 
1N4692 


4.7 

5.1 
5.6 

6.8 


4.465 

4.845 
5.32 
o.oy 
6.46 


4.935 

5.355 
5.88 

7.14 


10 

10 
10 
10 
10 


3 

3 
4 
5 

5.1 


60 

55 
50 
45 

35 


0.99 

0.97 
0.96 
0.95 
0.9 


1N4693 
1N4694 
1N4695 
1N4696 
1N4697 


7.5 
8.2 
8.7 
y. i 
10 


7.125 
7.79 
8.265 

Q RAC 
0.040 

9.5 


7.875 
8.61 
9.135 

10.5 


10 

1 
1 
1 
1 


5.7 
6.2 
6.6 
6.9 
7.6 


31.8 
29 
27.4 
26.2 
24.8 


0.75 
0.5 
0.1 

0.08 
0.1 


1N4698 
1N4699 
1N4700 
1N4701 
1N4702 


11 

12 
13 
14 
15 


10.45 
11.4 
12.35 

♦SI ^ 
I O.J 

14.25 


11.55 
12.6 
13.65 

15.75 


0.05 
0.05 
0.05 
0.05 
0.05 


8.4 

9.1 
9.8 
10.6 
11.4 


21.6 
20.4 
19 
17.5 
16.3 


0.11 
0.12 
0.13 
0.14 
0.15 


1N4703 
1N4704 
1N4705 
1N4706 
1 N4707 


16 
17 
18 
19 
20 


15.2 
16.15 

17.1 
18.05 
19 


16.8 
17.85 

18.9 
19.95 

21 


0.05 
0.05 
0.05 
0.05 
0.01 


12.1 
12.9 
13.6 
14.4 
15.2 


15.4 
14.5 
13.2 
12.5 
11.9 


0.16 
0.17 
0.18 
0.19 
0.2 


1 N4708 
1 N4709 
1N4710 
1N4711 
1N4712 


22 
24 
25 
27 
28 


20.9 
22.8 
23.75 
25.65 
26.6 


23.1 
25.2 
26.25 
28.35 
29.4 


0.01 
0.01 
0.01 
0.01 

o 01 


16.7 
18.2 
19 
20.4 
21.2 


10.8 
9.9 
9.5 
8.8 

8.5 


0.22 
0.24 
0.25 
0.27 
0.28 


1N4713 
1N4714 
1N4715 
1N4716 
1N4717 


30 
33 
36 
39 
43 


28.5 
31.35 

34.2 
37.05 
40.85 


31.5 
34.65 

37.8 
40.95 
45.15 


0.01 
0.01 
0.01 
0.01 
0.01 


22.8 
25 
27.3 
29.6 
32.6 


7.9 
7.2 
6.6 
6.1 
5.5 


0,3 
0.33 
0.36 
0.39 
0.43 



NOTE 1. TOLERANCE AND VOLTAQE DESIGNATION (V 2 ) 

The type numbers shown have a standard tolerance of ±5% on the nominal Zener voltage. 
Cfor ±2%. Otor±1%. 

NOTE 2. MAXIMUM ZENER CURRENT RATINGS |I ZM ) 

Maximum Zener current ratings are based on maximum Zener voltage ot the individual units 

and JEDEC 250 mW rating. 

NOTE 3. REVERSE LEAKAGE CURRENT |I R ) 

Reverse leakage currents are guaranteed and measured at V R as shown on the table. 



NOTE 4. MAXIMUM VOLTAGE CHANGE (4V Z ) 

Voltage change Is equal to the difference between v 2 an 00 and at 1 uA. 
NOTE 5. ZENER VOLTAGE <V 2 ) MEASUREMENT 

Nominal Zener voltage is measured with the device junction in thermal equilibrium at the lead 
temperature at 30*C ±1 -C and 3/8" lead length. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device pata 



1 N5221 B through 1 N5281 B 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium; lead length 



= 3/8"; thermal resistance of heat sink = 30°C/W) Vp = 1 .1 Max @ lp = 200 mA for all types. 



JEDEC 
Type No. 
(Note 1) 


Nominal 
Zener Voltage 

Vz@lzT 

Volts 
(Note 3) 


Test 
Current 

IZT 
mA 


Max Zener Impedance 
(Note 4) 


Max Reverse 
Leakage Current 


Max Zener Voltage 
Temperature Coeff. 

9vz C»W°C) 
(Note 2) 


Z ZT @lzT 
Ohms 


Z Z K @ ! ZK = 25 mA 
Ohms 


|R 

uA 


VR 
Volts 


1N5221B 


2.4 


20 


30 


1200 


100 


1 


-0.085 


1N5222B 


2.5 


20 


30 


1250 


100 


1 


-0.085 


1 N5223B 


2.7 


20 


30 


1300 


75 


1 


-0.08 


1N5224B 


2.8 


20 


30 


1400 


75 




-0.08 


1N5225B 


3 


20 


29 


1600 


50 


1 


-0.075 


1NS226B 


3.3 


20 


28 


1600 


25 


1 


-0.07 


1N5227B 


3.6 


20 


24 


1700 


15 


1 


-0.065 


1N5228B 


3.9 


20 


23 


1900 


10 


t 


-0.06 


1N5229B 


4.3 


20 


22 


2000 


5 


1 


±0.055 


1N5230B 


4.7 


20 


19 


1900 


5 


2 


±0.03 


1N5231B 


5.1 


20 


17 


1600 


5 


2 


±0.03 


1N5232B 


5.6 


20 


11 


1600 


5 


3 


+0.038 


1N5233B 


le «* 


20 


7 


1600 


5 


3.5 


+0.038 


1N5234B 


6.2 


20 


7 


1000 


5 


4 


+0.045 


1NS235B 


6.8 


20 


5 


750 


3 


5 


+0.05 


1N5236B 


7.5 


20 


6 


500 


3 


6 


+0.058 


1NS237B 


8.2 


20 


8 


500 


3 


6.5 


+0.062 


1N5238B 


8.7 


20 


8 


600 


3 


6.5 


+0.065 


1N5239B 


9.1 


20 


10 


600 


3 


7 


+0.068 


1N5240B 


10 


20 


17 


600 


3 


8 


+0.075 


1N5241B 


11 


20 


22 


600 


2 


8.4 


+0.076 


1N5242B 


12 


20 


30 


600 


1 


9.1 


+0.077 


1N5243B 


13 


9.5 


13 


600 


0.5 


9.9 


+0.079 


1N5244B 


14 


9 


15 


600 


0.1 


10 


+0.082 


1NS245B 


15 


8.5 


16 


600 


0.1 


11 


+0.082 


1NS246B 


16 


7.8 


17 


600 


0.1 


12 


+0.083 


1N5247B 


17 


7.4 


19 


600 


0.1 


13 


+0.084 


1N5248B 


18 


7 


21 


600 


0.1 


14 


+0.085 


1N5249B 


19 


6.6 


23 


600 


0.1 


14 


+0.086 


1NS250B 


20 


6.2 


25 


600 


0.1 


15 


+0.086 


1N5251B 


22 


5.6 


29 


600 


0.1 


17 


+0.087 


1N5252B 


24 


5.2 


33 


600 


0.1 


18 


+0.088 


1N5253B 


25 


5 


35 


600 


0.1 


19 


+0.089 


1N5254B 


27 


4.6 


41 


600 


0.1 


21 


+0.09 


1N5255B 


28 


4.5 


44 


600 


0.1 


21 


+0.091 


1N5256B 


30 


4.2 


49 


600 


0.1 


23 


+0.091 


1N5257B 


33 


3.8 


58 


700 


0.1 


25 


+0.092 


1N5258B 


36 


3.4 


70 


700 


0.1 


27 


+0.093 


1N5259B 


39 


3.2 


80 


800 


0.1 


30 


+0.094 


1N5260B 


43 


3 


93 


900 


0.1 


33 


+0.095 


1N5261B 


47 


2.7 


105 


1000 


0.1 


36 


+0.095 


1N5262B 


51 


2.5 


125 


1100 


0.1 


39 


+0.096 


1N5263B 


56 


2.2 


150 


1300 


0.1 


43 


+0.096 


1N5264B 


60 


2.1 


170 


1400 


0.1 


46 


+0.097 


1 N5265B 


62 


2 


185 


1400 


0.1 


47 


+0.097 



(continued) 
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1N5221B through 1N5281B 



ELECTRICAL CHARACTERISTICS — continued (Ta - 25°C unless otherwise noted. Based on dc measurements at thermal equi- 
librium; lead length ■ 3/8"; thermal resistance of heat sink • 30°C/W) Vp = 1 .1 Max @ lp ■ 200 mA for all types. 



JEDEC 
Type No. 
(Note 1) 


nominal 
ZAfinr VoltaciA 

lei fViioyu 

Volts 
(Note 3) 


Test 
Current 

'ZT 
mA 


Max Zener Impedance 
(Note 4) 


Max Reverse 
Leakage Current 


Max Zener Voltage 
Temperature Coeff. 
9 V z (%/°C) 
(Note 2) 


Zzt@Izt 
Ohms 


ZZK@ 


IZK ■ 0-25 mA 
Ohms 


in 

uA 


v R 

Volts 


1N5266B 


68 


1.8 


230 




1600 


0.1 


52 


+0.097 


1N5267B 


75 


1.7 


270 




1700 


0.1 


56 


+0.098 


1N5268B 


82 


1.5 


330 




2000 


0.1 


62 


+0.098 


1N5269B 


87 


1.4 


370 




2200 


0.1 


68 


+0.099 


1N5270B 


91 


1.4 


400 




2300 


0.1 


69 


+0.099 


I IN Oi. 1 1 D 


100 


1 3 


500 




2600 


0.1 


76 


+0.11 


1N5272B 


110 


1.1 


750 




3000 


0.1 


84 


+0.11 


1N5273B 


120 


1 


900 




4000 


0.1 


91 


+0.11 


1N5274B 


130 


0.95 


1100 




4500 


0.1 


99 


+0.11 


1N5275B 


140 


0.9 


1300 




4500 


0.1 


106 


+0.11 


1N5276B 


150 


0.85 


1500 




5000 


0.1 


114 


+0.11 


1N5277B 


160 


0.8 


1700 




5500 


0.1 


122 


+0.11 


1N5278B 


170 


0.74 


1900 




5500 


0.1 


129 


+0.11 


1N5279B 


180 


0.68 


2200 




6000 


0.1 


137 


+0.11 


1N5280B 


190 


0.66 


2400 




6500 


0.1 


144 


+0.11 


1N5281B 


200 


0.65 


2500 




7000 


0.1 


152 


+0.11 



NOTE 1. TOLERANCE 

The JEDEC type numbers shown Indicate a tolerance 01 ±5%. For tighter tolerance devices 
use suffixes for ±2% and "D" for ±1%. 

NOTE 2. TEMPERATURE COEFFICIENT (Syz) ' 

Test conditions tor temperature coefficient are as follows: 

a. - 7.5 mA. Tj - 25*0. 

T 2 . 125*C (1N5221B through 1N5242B). 

b. - Rated Izy, T, - 25-C, 

T 2 ■ 125-C (1N5243B through 1N5281B). 
Device to be temperature stabilized with current applied prior to reading breakdown voltage 
at the specified ambient temperature. 



NOTE 3. ZENER VOLTAGE (V 2 ) MEASUREMENT 

Nominal zener voltage is measured with the device junction in thermal equilibrium at the lead 
temperature of 30°C ±1°C and 3/8- lead length. 

NOTE 4. ZENER IMPEDANCE (Z 2 ) DERIVATION 

Zz-r and Z ZK are measured by dividing the ac voltage drop acrossthe device by the accurrent 
applied. The specified limits are for l 2 (ac) - 0.1 l z (dc) with the ac frequency - 60 Hz. 



t For more ir 
eve. 



mation on special selections contact your nearest Motorola representa- 
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Motorola TVS/Zener Device Data 



'ELECTRICAL CHARACTERISTICS (T|_ = 30°C unless otherwise noted.) (V F = 1 .5 Volts Max @ l F = 1 00 mAdc for all types.) 



Motorola 

Type 
Number 
(Note 1) 


Nominal 
Zener Voltage 
V z @Izt 

Volts 
(Note 4) 


Test 
Current 

'ZT 
mA 


Max Zener Impedance (Note 3) 


Max Reverse Leakage Current 


Max DC 
Zener 
Current 
! ZM 

UN 016 £] 


7-7T O) I-7T 

'ZT 'ZT 
Ohms 


7 -7 (2) l^i^ — 
*-ZK 'Zrv - 

Ohms 0.25 mA 


pA 


P Vr 

• PI 

Volts 


1N5985B 


2.4 


5 


100 


1800 


100 


1 


208 


1 N5986B 


2.7 


5 


100 


1900 


75 


1 


185 


1 N5987B 


3 


5 


95 


2000 


50 


1 


167 


1 N5988B 


3.3 


5 


Q& 
99 


2200 


25 




152 


1 N5989B 


3.6 


5 


90 


2300 


15 


1 


139 


1 N5990B 


3.9 


5 


90 


2400 


10 


1 


128 


1N5991B 


4.3 


5 


88 


2500 


5 


1 


116 


1 N5992B 


4.7 


5 


70 


2200 


3 


1.5 


106 


1N5993B 


5.1 


5 


OH 




2 


2 


98 


1NS994B 


5.6 


5 


25 


1800 


2 


3 


89 


1N5995B 


6.2 


5 


10 


1300 


1 


4 


81 


1N5996B 


6.8 


5 


8 


750 


1 


5.2 


74 


1 N5997B 


7.5 


5 


7 


600 


0.5 


6 


67 


1N5998B 


8.2 


5 


7 


600 


0.5 


D.O 


61 


1 N5999B 


9.1 


5 


10 


600 


0.1 


7 


55 


1N6000B 


10 


5 


15 


600 


0.1 


8 


50 


1N6001B 


11 


5 


18 


600 


0.1 


8.4 


45 


1N6002B 


12 


5 


22 


600 


0.1 


9.1 


42 


1N6003B 


13 


5 


25 


600 


0.1 


y.y 


38 


1N6004B 


15 


5 


32 


600 


1 


tji 


33 


1 N6005B 


16 


5 


36 


600 


0.1 


12 


31 


1N6006B 


18 


5 


42 


600 


0.1 


14 


28 


1 N6007B 


20 


5 


48 


600 


0.1 


15 


25 


1 N6008B 


22 


5 


55 


600 


0.1 


1 7 


23 


1 N6009B 


24 


5 


62 


600 


1 


1 8 


21 


1N6010B 


27 


5 


70 


600 


0.1 


21 


19 


1N6011B 


30 


5 


78 


600 


0.1 


23 


17 


1N6012B 


33 


5 


88 


700 


0.1 


25 


15 


1N6013B 


36 


5 


95 


700 


0.1 


27 


14 


1N6014B 


39 


2 


1 30 


800 


0.1 


30 


13 


1N6015B 


43 


2 


150 


900 


0.1 


33 


12 


1N6016B 


47 


2 


170 


1000 


0.1 


36 


11 


1N6017B 


51 


2 


180 


1300 


0.1 


39 


9.8 


1N6018B 


56 


2 


200 


1400 


0.1 


43 


8.9 


1N6019B 


62 


2 


225 


1400 


0.1 


47 


8 


1N6020B 


68 


2 


240 


1600 


0.1 


52 


7.4 


1N6021B 


75 


2 


265 


1700 


0.1 


56 


6.7 


1 N6022B 


82 


2 


280 


2000 


0.1 


62 


6.1 


1N6023B 


91 


2 


300 


2300 


0.1 


69 


5.5 


1 N6024B 


100 


1 


500 


2600 


0.1 


76 


5 


1 N6025B 


110 


1 


650 


3000 


0.1 


84 


4.5 



•Indicates JEDEC Registered Data 



NOTE 3. 

Zzyand ZzK 316 measured by dividing the ac voltage drop across thedevice by theac current 
applied. The specified limits are for l 2 (ac) - 0.1 l z (dc) with the ac frequency - 1 .0 kHz. 

NOTE 4. 

Nominal Zener Voltage (V 2 ) is measured with the device junction in thermal equilibrium at the 
lead temperature ot 30°C ±1 e C and 3/8" lead length. 



NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation — Device tolerances of ±5% are indicated by a "B" suffix. ±2% by a 
"C" suffix. ±1 % by a "D" suffix. 

NOTE 2. 

This data was calculated using nominal voltages. The maximum current handling capability 
on a worst case basis is limited by the actual zener voltage at the operating point and the pow- 
er derating curve. 



Devices listed in bold, italic are Motorola preferred devices. 



Motorola TVS/Zener Device Data 
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BZX55C2V4RL through BZX55C91RL 



ELECTRICAL CHARACTERISTICS (T L = 30°C unless otherwise noted.) (V F = 1 .3 Volts Max, l F = 100 mAdc for all types.) 













Max Reverse 








Vrr at IzT 
(V) 


met A £.01101 

Impedance 
(Note 3) 




Leakage Current 
l R atV R 






















Motorola 






Z ZT @ IZT 




T amb 


T amb 




<ZM 


Type 


Mln 


Max 


(Ohms) 


IZT 


25°C 


125°C 


VR 


(mA) 


Number 


(Note 1) 


(Notel) 


Max 


(mA) 


Max 


Max 


(V) 


(Note 2) 


BZX55C2V4RL 


2.28 


2.56 


85 


5 


50 


100 


1 


155 


BZX55C2V7RL 


2.5 


2.9 


85 


5 


10 


50 


1 


135 


BZX55C3V0RL 


2.8 


3.2 


85 


5 


4 


40 


1 


125 


BZX55C3V3RL 


3.1 


3.5 


85 


5 


2 


40 


1 


115 


BZX65C3V6RL 


3.4 


3.8 


85 


5 


2 


40 


1 


105 


BZX55C3V9RL 


3.7 


4.1 


85 


5 


2 


40 


1 


95 


BZX55C4V3RL 


4 


4.6 


75 


5 


1 


20 


1 


90 


BZX55C4V7RL 


4.4 


5 


60 


5 


0.5 


10 




85 


BZX55C5V1 RL 


4.8 


5.4 


35 


5 


0.1 


2 


1 


80 


BZX55C5V6RL 


5.2 


6 


25 


5 


0.1 


2 


1 


70 


BZX55C6V2RL 


5.8 


6.6 


10 


5 


0.1 


2 


2 


64 


BZX55C6V8RL 


6.4 


7.2 


8 


5 


0.1 


2 


3 


58 


BZX55C7V5RL 


7 


7.9 


7 


5 


0.1 


2 


5 


53 


BZX55C8V2RL 


7.7 


8.7 


7 


5 


0.1 


2 


6 


47 


BZX55C9V1RL 


8.5 


9.6 


10 


5 


0.1 


2 


7 


43 


BZX55C10RL 


9.4 


10.6 


15 


5 


0.1 


2 


7.5 


40 


BZX55C11RL 


10.4 


11.6 


20 


5 


0.1 


2 


8.5 


36 


BZX55C12RL 


11.4 


12.7 


20 


5 


0.1 


2 


9 


32 


BZX55C13RL 


12.4 


14.1 


26 


5 


0.1 


2 


10 


29 


BZX55C15RL 


13.8 


15.6 


30 


5 


0.1 


2 


11 


27 


BZX55C16RL 


15.3 


17.1 


40 


5 


0.1 


2 


12 


24 


BZX55C18RL 


16.8 


19.1 


50 


5 


0.1 


2 


14 


21 


BZX55C20RL 


18.8 


21.1 


55 


5 


0.1 


2 


15 


20 


BZX55C22RL 


20.8 


23.3 


55 


5 


0.1 


2 


17 


18 


BZX55C24RL 


22.8 


25.6 


80 


5 


0.1 


2 


18 


16 


BZX55C27RL 


25.1 


28.9 


80 


5 


0.1 


2 


20 


14 


BZX55C30RL 


28 


32 


80 


5 


0.1 


2 


22 


13 


BZX55C33RL 


31 


35 


80 


5 


0.1 


2 


24 


12 


BZX55C36RL 


34 


38 


80 


5 


0.1 


2 


27 


11 


BZX55C39RL 


37 


41 


90 


2.5 


0.1 


5 


28 


10 


BZX55C43RL 


40 


46 


90 


2.5 


0.1 


5 


32 


9.2 


BZX55C47RL 


44 


50 


110 


2.5 


0.1 


5 


35 


8.5 


BZX55C51 RL 


48 


54 


125 


2.5 


0.1 


10 


38 


7.8 


BZX55C56RL 


52 


60 


135 


2.5 


0.1 


10 


42 


7 


BZX55C62RL 


58 


66 


150 


2.5 


0.1 


10 


47 


6.4 


BZX55C68RL 


64 


72 


160 


2.5 


0.1 


10 


51 


5.9 


BZX55C75RL 


70 


80 


170 


2.5 


0.1 


10 


56 


5.3 


BZX55C82RL 


77 


87 


200 


2.5 


0.1 


10 


62 


4.8 


BZX55C91RL 


85 


96 


250 


1 


0.1 


10 


69 


4.3 



NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION NOTE 3. 

Tolerance designation — The type numbers listed have zener voltage min/max limits as ZzTaidZzKQrameasuredbydividingtheacvoltagedropacrossthedevicebytheaccurrent 
shown. Device tolerance of ±2% are indicated by a "B" instead of a"C". Zener voltage is mea- applied. The specified llmtis are for l z (ac) - 0.1 l z (dc) with the ac frequency - 1 .0 kHz. 

sured with the device junction in thermal equilibrium at the lead temperature of 30°C ±1"C 
and 3/8' lead length. 

NOTE 2. 

This data was calculated using nominal voltages. The maximum current handling capability 
on a worst case basis is limited by the actual zener voltage at the operating point and the pow- 
er derating curve. 
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Motorola TVS/Zener Device Data 



♦ELECTRICAL CHARACTERISTICS (T L = 30°C unless otherwise noted.) (Vp - 1 .5 Volts Max @ l F = 1 00 mAdc tor all types.) 







fN/ita 11 


Impedance (Ohm) 






Temp. Coefficient 


Capacitance 




Zener Voltage J Note4) 


@I ZT 
f = 1000 Hz 


Leakage Current 
(MA) 


(Typical) 
(mV/°C) 


(Typical) 
(PP) 


Device Type 






IZT = 


Max 




@V R = 






V R = °. 


(Note 2) 


Mln 


Max 


(mA) 


(Note 3) 


Max 


(Volt) 


Mln 


Max 


f = 1.0 MHz 




2.2 


2.6 


5 


100 


100 


1 


-3.5 





255 


BZX79C2V7RL 


2.5 


2.9 


5 


100 


75 


j 


-3.5 





230 


BZX79C3V0RL 


2.8 


3.2 


5 


95 


50 


1 


-3.5 





215 


BZX79C3V3RL 


3.1 


3.5 


5 


95 


25 


1 


-3.5 





200 


BZX79C3V6RL 


3.4 


3.8 


5 


90 


15 


1 


-3.5 





185 


BZX79C3V9RL 


3.7 


4.1 


5 


90 


10 


1 


-3.5 


+0.3 


175 


BZX79C4V3RL 


4 


4.6 


5 


90 


5 


1 


-3.5 


+1 


160 


BZX79C4V7RL 


4.4 


5 


5 


80 


3 


2 


-3.5 


+0.2 


130 


BZX79C5V1RL 


4.8 


5.4 


5 


60 


2 


2 


-2.7 


+1.2 


110 


BZX79C5V6RL 


5.2 


6 


5 


40 


1 


2 


-2 


+2.5 


95 


R7X79CBV2RL 


5 8 


6.6 


g 


10 


3 


4 


0.4 


3.7 


90 


BZX79C6V8RL 


6.4 


7.2 


5 


15 


2 


4 


1.2 


4.5 


85 


BZX79C7V5RL 


7 


7.9 


5 


15 


1 


5 


2.5 


5.3 


80 


BZX79C8V2RL 


7.7 


8.7 


5 


15 


0.7 


5 


3.2 


6.2 


75 


R7Y7QPQV1 Rl 
DLAl InL 


8.5 


9.6 


5 


15 


0.5 


6 


3.8 


7 


70 




9 4 


10 6 


e 


20 


2 




4.5 


Q 


70 


BZX79C11RL 


1 0.4 


1-1 ft 

1 1 .0 


c 

o 


20 


n 1 


o 

o 




g 


65 


BZX79C12RL 


11.4 


12.7 


5 


25 


0.1 


8 


6 


10 


65 


BZX79C13RL 


12.4 


14.1 


5 


30 


0.1 


8 


7 


11 


60 


BZX79C15RL 


13.8 


15.6 


5 


30 


0.05 


10.5 


9.2 


13 


55 




15 3 


17 1 


5 


40 


0.05 


11.2 


10 4 


14 


52 


BZX79C18RL 


16 8 


19 1 


g 


45 


05 


12 6 


12 9 


16 


47 


BZX79C20RL 


18.8 


21.2 


5 


55 


0.05 


14 


14.4 


18 


36 


BZX79C22RL 


20.8 


23 3 




55 


0.05 


15.4 


16.4 


20 


34 












0.05 


16.8 


18.4 


22 


33 


BZX79C27RL 


25.1 


28.9 


2 


80 


0.05 


1 8.9 




23.5 


30 


BZX79C30RL 


28 


32 


2 


80 


0.05 


21 




26 


27 


BZX79C33RL 


31 


35 


2 


80 


0.05 


23.1 




29 


25 


BZX79C36RL 


34 


38 


2 


90 


0.05 


25.2 




31 


23 


BZX79C39RL 


37 


41 


2 


130 


0.05 


27.3 




34 


21 


BZX79C43RL 


40 


46 


2 


150 


0.05 


30.1 




37 


21 


BZX79C47RL 


44 


50 


2 


170 


0.05 


32.9 




40 


19 


BZX79C51 RL 


48 


54 


2 


180 


0.05 


35.7 




44 


19 


BZX79C56RL 


52 


60 


2 


200 


0.05 


39.2 




47 


18 


BZX79C62RL 


58 


66 


2 


215 


0.05 


43.4 




51 


17 


R7X7906ftRI 


64 


72 


2 


240 


0.05 


47.6 




56 


17 


BZX79C75RL 


70 


79 


2 


255 


0.05 


52.5 




60 


16.5 


BZX79C82RL 


77 


87 


2 


280 


0.1 


62 


46 


95 


29 


BZX79C91 RL 


85 


96 


2 


300 


0.1 


69 


51 


107 


28 


BZX79C100RL 


94 


106 




500 


0.1 


76 


57 


119 


27 


BZX79C110RL 


104 


116 




650 


0.1 


84 


63 


131 


26 


BZX79C120RL 


114 


127 




800 


0.1 


91 


69 


144 


24 


BZX79C130RL 


124 


141 




950 


0.1 


99 


75 


158 


23 


BZX79C150RL 


138 


156 




1250 


0.1 


114 


87 


185 


21 


BZX79C160RL 


153 


171 




1400 


0.1 


122 


93 


200 


20 


BZX79C180RL 


168 


191 




1700 


0.1 


137 


105 


228 


18 


BZX79C200RL 


188 


212 




2000 


0.1 


152 


120 


255 


17 



NOTE 1 . Zener voltage is measured under pulse conditions such that Tj is no more than 2°C NOTE 3. Z Z j is measured by dividing the ac voltage drop across the device by the ac current 

above T A . applied. The specified limits are for l z (ac) - 0.1 l z (dc> with the ac frequency - 1 .0 kHz. 

NOTE 2. TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation — The type numbers listed have zener voltage min/max limits as 
shown. Device tolerances of ±2% are indicated by a "B" instead of a"C." and ±1% by "A." 



Motorola TVS/Zener Device Data 
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BZX83C2V7RL through BZX83C33RL, ZPD2.7RL through ZPD33RL 



ELECTRICAL CHARACTERISTICS (at T A = 25°C) 



Motorola ZPD and BZX83C series. Forward Voltage Vp - 1 Volt Max at lp = 50 mA. 







Zener Voltage (Note 1) 


Impedance (Q) 






V R Mln 








at Izt = 5.0 mA 


Max (Note 2) 


Typ. Temp. 




















atlz = 


1 mA 


Coeff. 


V 


















at izr 








Device Type 


Nominal 


Mln 


Max 


at Izt 


BZX83 


ZPD 


% per °C 


BZX83 


ZPD 


atl R 


BZX83C2V7RL 


ZPD2.7RL 


2.7 


2.5 


2.9 


85 


600 


500 


-0.09...-0.04 






100 A 


BZX83C3V0RL 


ZPD3.0RL 


3 


2.8 


3.2 


90 


600 


500 


-0.09...-0.03 






60 A 


BZX83C3V3RL 


ZPD3.3RL 


3 3 


3 1 


3 5 


90 


600 


500 


-0.08...-0.03 






30 A 


BZX83C3V6RL 


ZPD3.6RL 


3.6 


3.4 


3.8 


90 


600 


500 


-0.08.. .-0.03 






20 A 


BZX83C3V9RL 


ZPD3.9RL 


3.9 


3.7 


4.1 


85 


600 


500 


-0.07...-0.03 






10 A 


BZX83C4V3RL 


ZPD4.3RL 


4.3 


4 


4.6 


80 


600 


500 


-0.06...-0.01 






5 A 


BZX83C4V7RL 


ZPD4.7RL 


4.7 


4.4 


5 


78 


600 


500 


-0.05...+0.02 






2 A 


BZX83C5V1RL 


ZPD5.1RL 


D. 1 


A A 


£ A 


fin 

DU 


550 


480 


-0.03...+0.04 





8 


100nA 


BZX83C5V6RL 


ZPD5.6RL 


5.6 


5.2 


6 


40 


450 


400 


-0.02...+0.06 


1 




100nA 


BZX83C6V2RL 


ZPD6.2RL 


6.2 


5.8 


6.6 


10 


200 


-0.01. ..+0.07 


2 


100 nA 


BZX83C6V8RL 


ZPD6.8RL 


6.8 


6.4 


7.2 


8 


150 


+0.02...+0.07 


3 


100 nA 


BZX83C7V5RL 


ZPD7.5RL 


7.5 


7 


7.9 


7 


50 


+0.03...+0.07 


5 


100 nA 


BZX83C8V2RL 


ZPD8.2RL 


8.2 


7.7 


8.7 


7 


50 


+0.04.. .+0.07 


6 


100nA 


BZX83C9V1RL 


ZPD9.1RL 


9.1 


8.5 


9.6 


10 


50 


+0.05.. .+0.08 


7 


100nA 


BZX83C10RL 


ZPD10RL 


I u 


Q A 


l U.D 


1 R 

I O 


70 


+0.05...+0.08 


7.5 


100nA 


BZX83C11RL 


ZPD11RL 


11 


10.4 


11.6 


20 


70 


+0.05... +0.09 


8.5 


100 nA 


BZX83C12RL 


ZPD12RL 


12 


11.4 


12.7 


20 


90 


+0.06...+0.09 


9 


100 nA 


BZX83C13RL 


ZPD13RL 


13 


12.4 


14.1 


25 


110 


+0.07...+0.09 


10 


100nA 


BZX83C15RL 


ZPD15RL 


15 


13.8 


15.6 


30 


110 


+0.07...+0.09 


11 


100 nA 


BZX83C16RL 


ZPD16RL 


16 


15.3 


17.1 


40 


170 


+0.08...+0.095 


12 


100 nA 


BZX83C18RL 


ZPD18RL 


18 


16.8 


19.1 


50 


170 


+0.08...+0.10 


14 


100 nA 


BZX83C20RL 


ZPD20RL 


20 


18.8 


21.2 


55 


220 


+0.08...+0.10 


15 


100 n A 


BZX83C22RL 


ZPD22RL 


22 


20.8 


23.3 


55 


220 


+0.08...+0.10 


17 


100 nA 


BZX83C24RL 


ZPD24RL 


24 


22.8 


25.6 


80 


220 


+0.08...+0.10 


18 


100 nA 


BZX83C27RL 


ZPD27RL 


27 


25.1 


28.9 


80 


250 


+0.08...+0.10 


20 


100 nA 


BZX83C30RL 


ZPD30RL 


30 


28 


32 


80 


250 


+0.08...+0.10 


22 


100nA 


BZX83C33RL 


ZPD33RL 


33 


31 


35 


80 


250 


+0.08...+0.10 


24 


100nA 



NOTE 1 . Pulse test. 



NOTE 2. 1 . 1 .0 kHz. I z (ac) - 0.1 l z (dc). 
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Motorola TVS/Zener Device Data 



Designed for 250 mW applications requiring low leakage, 
low impedance. Same as 1N4099 through 1N4104 and 
1 N461 4 through 1 N4627 except low noise test omitted. 



• Voltage Range from 1 .8 to 1 Volts 

• Zener Impedance and Zener Voltage Specified for Low- 
Level Operation at l ZT = 250 uA 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise specified. Izj = 250 uA and V F = 1 V Max @ l F = 200 mA for all 

types) 



Type 
Number 
(Note 1) 



Nominal 
Zener Voltage 

VZ 
(Note 2) 
(Volts) 



Max Zener 
Impedance 

ZZT 
(Note 3) 
(Ohms) 



Max 
Reverse 
Current 
IR 

(PA) 



@ 
(Note 5) 



Test 
Voltage 

Vr 
(Volts) 



Max Zener Current 

IZM 
(Note 4) 
(mA) 



MZ4614 
MZ4615 
MZ4616 
MZ4617 
MZ4618 



1.8 
2 

2.2 
2.4 
2.7 



1200 
1250 
1300 
1400 
1500 



7.5 
5 
4 
2 

1 



120 
110 
100 
95 
90 



MZ4619 
MZ4620 
MZ4621 
MZ4622 
MZ4623 



3 

3.3 
3.6 
3.9 
4.3 



1600 
1650 
1700 
1650 
1600 



0.8 
7.5 
7.5 

5 

4 



1 

1.5 
2 
2 
2 



85 
80 
75 
70 
65 



MZ4624 
MZ4625 
MZ4626 
MZ4627 
MZ4099 



4.7 
5.1 
5.6 
6.2 
6.8 



1550 
1500 
1400 
1200 
200 



10 
10 
10 
10 
10 



3 
3 
4 
5 

5.2 



60 
55 
50 
45 
35 



MZ4100 
MZ4101 
MZ4102 
MZ4103 
MZ4104 



7.5 
8.2 
8.7 
9.1 
10 



200 
200 
200 
200 
200 



10 

1 

1 

1 
1 



5.7 
6.3 
6.7 
7 

7.6 



31.8 
29 
27.4 
26.2 
24.8 



NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 

The type numbers shown have a standard tolerance of ±6% on the nominal zener voltage. 



NOTE 2. ZENER VOLTAGE (V z ) ft 

Nominal Zener Voltage is measured with the device junction in the thermal equilibrium with 
ambient temperature of 25°C 

NOTE 3. ZENER IMPEDANCE (Z 2T ) DERIVATION 

The zener impedance Is derived from the 60 cycle ac voltage, which results when an ac cur- 
rent having an rms value equal to 1 0% of Ihe dc zener current (l^) Is superimposed on Ijj. 



NOTE 4. MAXIMUM ZENER CURRENT RATINGS (l ZM ) 

Maximum zener current ratings are based on maximum zener voltage of the individual units. 
NOTE 5. REVERSE LEAKAGE CURRENT Ip 

Reverse leakage currents are guaranteed and are measured at V R as shown on the table. 
NOTE «. SPECIAL SELECTORS AVAILABLE INCLUDE: 

A) Tighter voltage tolerances. Contact your nearest Motorola representative for more infor- 
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Silicon Oxide Zener Regulator Diodes 



Same as 1 N5520B through 1 N5530B except low noise test 
spec omitted. 

• Low Maximum Regulation Factor 

• Low Zener Impedance 

• Low Leakage Current 



ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise specified. Based on do measurements at thermal equilibrium; 

Vp = 1.1 Max @ lp = 200 mA for all types.) 





Nominal 
Zener 
Voltage 

V Z @IZT 

Volts 
(Note 2) 




Max Zener 
Impedance 

Zzr@IZT 
Ohms 
(Note 3) 


Max Reverse Leakage Current 


Maximum 
DC Zener 
Current 

>ZM 
mAdc 
(Note 5) 


Regulation 
Factor 
AV Z 
Volts 
(Note 6) 


Low 

Vz 
Current 

'ZL 
mAdc 


Motorola 
Type No. 
(Note 1) 


Test 
Current 

IZT 
mAdc 


|R 

uAdc 
(Note 4) 


Vr- Volts 


MZ5520B 


3.9 


20 


22 


1 


1 


98 


0.85 


2.0 


MZ5521B 


4.3 


20 


18 


3 


1.5 


88 


0.75 


2.0 


MZ5522B 


4.7 


10 


22 


2 


2 


81 


0.6 


1.0 


MZ5523B 




c 


26 




2.5 


75 


0.65 


0.25 


MZ5524B 












68 


0.3 


0.25 


MZ5525B 


6.2 




30 


1 


5 


61 


0.2 


0.01 


MZ5526B 


6.8 




30 


1 


6.2 


56 


0.1 


0.01 


MZ5527B 


7.5 




35 


0.5 


6.8 


51 


0.05 


0.01 


MZ5528B 


8.2 




40 


0.5 


7.5 


46 


0.05 


0.01 


MZ5529B 


9.1 




45 


0.1 


8.2 


42 


0.05 


0.01 


MZ5530B 


10 




60 


0.05 


9.1 


38 


0.1 


0.01 



NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 

The "B" suffix type numbers listed are ±5% tolerance of nominal V z . 
NOTE 2. ZENER VOLTAGE (V z ) MEASUREMENT 

Nominal zener voltage is measured with the device junction in thermal equilibrium with ambi- 
ent temperature of 25"C. 

NOTE 3. ZENER IMPEDANCE (Z z ) DERIVATION 

The zener impedance is derived from the 60 Hz ac voltage, which results whan an ac currant 
having an rms value equal to 1 0% of the dc zener current (l ZT ) is superimposed on Izj. 

NOTE 4. REVERSE LEAKAGE CURRENT l R 

Reverse leakage currents are guaranteed and are measured at Vr as shown on the table. 



NOTE 5. MAXIMUM REGULATOR CURRENT (l ZM ) 

The maximum current shown is based on the maximum voltage of a ±5% type unit, therefore, 
it applies only to the "B"sufflx device. The actual l ZM for any device may not exceed the value 
of 400 milliwatts divided by the actual V z of the device. 

NOTE 6. MAXIMUM REGULATION FACTOR (AV^ 

AV Z is the maximum difference between V z at l^ and V z at l ZL measured with the device 
junction in thermal equilibrium. 

NOTE 7. SPECIAL SELECTORS AVAILABLE INCLUDE: 

A) Tighter voltage tolerances. Contact your nearest Motorola representative for more infor- 
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Motorola TVS/Zener Device Data 



Zener Voltage Regulator Diodes — Axial Leaded 
500 mW DO-35 Glass 



NOTES: 

1. PACKAGE CONTOUR OPTIONAL WrTHIN A AND B 
HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT NOT SUBJECT TO 
THE MINIMUM LIMIT OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN ZONE F 
TO ALLOW FOR FLASH. LEAD FINISH BUILDUP 
AND MINOR IRREGULARITIES OTHER THAN 
HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M 1982. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


3.05 


5.06 


0.120 


0.200 


B 


1.S2 


2.29 


0.060 


0.090 





0.46 


0.56 


0.018 


0.022 


F 




1.27 




0.050 


K 


25.40 


38.10 


1.000 


1.500 



AIIJEDEC dimenskra and notes apply. 



CASE 299-02 
DO-204AH 
GLASS 



(Refer to Section 1 for Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL, RL2(1) 


5K 


Tape and Ammo 


TA.TA20) 


5K 



NOTES: 1 . The "2" suffix refers to 26 mm tape spacing. 

2. Radial Tape and Reel may be available. Please contact your Motorola 



Refer to Section 1 for more information on Packaging Specifications. 



Motorola TVS/Zener Device Data 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



1-1.3 Watt DO-41 Glass 
Zener Voltage Regulator Diodes 

GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

One Watt Hermetically Sealed Glass 
Silicon Zener Diodes 

Specification Features: 

• Complete Voltage Range — 3.3 to 1 00 Volts 

• DO-41 Package 

• Double Slug Type Construction 

• Metallurgical^ Bonded Construction 

• Oxide Passivated Die 

Mechanical Characteristics: 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16" from 

case for 1 seconds 
FINISH: All external surfaces are corrosion resistant with readily solderable leads 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 

will be positive with respect to anode 
MOUNTING POSITION: Any 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seoul, Korea 



GENERAL 
DATA 

1-1.3 WATT 
DO-41 GLASS 



1 WATT 
ZENER REGULATOR 
DIODES 
3.3-100 VOLTS 




MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


DC Power Dissipation @ Ta = 50°C 
Derate above 50°C 


pd 


1 

6.67 


Watt 
mW/°C 


Operating and Storage Junction Temperature Range 


Tj, T stq 


- 65 to +200 


°C 
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Figure 1. Power Temperature Derating Curve 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 1-1.3 WATT DO-41 GLASS 



a. Range for Units to 12 Volts 

















































































































RANGE 




vz( 















































5 6 7 8 9 10 11 12 
Vz, ZENER VOLTAGE (VOLTS) 



b. Range for Units to 12 to 100 Volts 



o 100 




70 100 



V Z , ZENER VOLTAGE (VOLTS) 



Figure 2. Temperature Coefficients 

(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.) 
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Figure 3. Typical Thermal Resistance 
versus Lead Length 
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iOTE: BELOW 3 VOLTS AND ABOVE 8 VOLI S 
CHANGES IN ZENER CURRENT DO NOT 
EFFECT TEMPERATURE COEFFICIENTS 









1 5 8 7 

V Z , ZENER VOLTAGE (VOLTS) 

Figure 4. Effect of Zener Current 
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GENERAL DATA — 1-1.3 WATT DO-41 GLASS 




12 5 10 
l Z , ZENER CURRENT (mA) 

Figure 6. Effect of Zener Current 
on Zener Impedance 
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V Z , ZENER CURRENT (mA) 

Figure 7. Effect of Zener Voltage 
on Zener Impedance 
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Figure 8. Typical Leakage Current 
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Figure 9. Typical Capacitance versus Vz 
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Figure 10. Typical Forward Characteristics 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 1-1.3 WATT DO-41 GLASS 



APPLICATION NOTE 



Since the actual voltage available from a given zener diode 
is temperature dependent, it is necessary to determine junc- 
tion temperature under any set of operating conditions in order 
to calculate its value. The following procedure is recom- 
mended: 

Lead Temperature, T|_, should be determined from: 
T|_ = SlaPd + T A . 
6[_a is the lead-to-ambient thermal resistance (°C/W) and Pd is 
the power dissipation. The value for 9la will vary and depends 
on the device mounting method. 9|__a is generally 30 to 40°C/W 
for the various clips and tie points in common use and for 
printed circuit board wiring. 

The temperature of the lead can also be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsed operation 
once steady-state conditions are achieved. Using the mea- 
sured value of T(_, the junction temperature may be deter- 
mined by: 

Tj = T L + ATj L . 
aTjl is the increase in junction temperature above the lead 



temperature and may be found as follows: 

ATj L = 8JLPD- 
9jl_ may be determined from Figure 3 for dc power condi- 
tions. For worst-case design, using expected limits of lz, limits 
of Pq and the extremes of Tj(ATj) may be estimated. Changes 
in voltage, Vz, can then be found from: 

AV = 8vz ATj. 

9VZ. t ne zener voltage temperature coefficient, is found from 
Figure 2. 

Under high power-pulse operation, the zener voltage will 
vary with time and may also be affected significantly by the 
zener resistance. For best regulation, keep current excursions 
as low as possible. 

Surge limitations are given in Figure 5. They are lower than 
would be expected by considering only junction temperature, 
as current crowding effects cause temperatures to be ex- 
tremely high in small spots, resulting in device degradation 
should the limits of Figure 5 be exceeded. 
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1N4728A through 1N4764A 



•ELECTRICAL CHARACTERISTICS (T A = 25°C unle 



i 1 .2 V Max, lp = 200 mA for all types. 





Nominal 

I^UI 1 111 ich 

Zener Voltage 

Vz@IZT 
Volts 
(Notes 2 and 3) 


Test 
Current 

IZT 
mA 


Maximum Zener Impedance (Note 4) 


Leakage Current 


Surge Current @ 
Ta = 25°C 
l r -mA 
(Note 5) 


JEDEC 
Typo No. 
(Note 1) 


Zzt@Izt 
Ohms 


ZZK @ IZK 
Ohms 


>ZK 
mA 


IR 
|iA Max 


Vr 
Volts 


1 N4728A 


3.3 


76 


10 


400 


1 


100 


1 


1380 


1N4729A 


3.6 


69 


10 


400 


1 


100 




1260 


1N4730A 


3.9 


64 


9 


400 


1 


50 




1190 


1N4731A 


4.3 


58 


9 


400 


1 


10 


1 


1070 


1N4732A 


4.7 


53 


8 


500 


1 


10 


1 


970 


1N4733A 


5.1 


49 


7 


550 


1 


10 


f 


890 


1N4734A 


5.6 


45 


s 


600 


1 


10 


2 


810 


1N4735A 


6.2 


41 


2 


700 


1 


10 


3 


730 


1N4736A 


6.8 


37 


3.5 


700 


1 


10 


4 


660 


1N4737A 


7.5 


34 


4 


700 


0.5 


10 


5 


605 


1N4738A 


8.2 


31 


4.5 


700 


0.5 


10 


6 


550 


1N4739A 


9.1 


28 


5 


700 


0.5 


10 


7 


500 


1N4740A 


10 


25 


7 


700 


0.25 


10 


7.6 


454 


1N4741A 


11 


23 


8 


700 


0.25 


5 


8.4 


414 


1N4742A 


12 


21 


9 


700 


0.25 


5 


9.1 


380 


1 N4743A 


13 


19 


10 


700 


0.25 


5 


9.9 


344 


1N4744A 


15 


17 


14 


700 


0.25 


5 


11.4 


304 


1N4745A 


16 


15.5 


16 


700 


0.25 


5 


12.2 


285 


1N4746A 


18 


14 


20 


750 


0.25 


5 


13.7 


250 


1N4747A 


20 


12.5 


22 


750 


0.25 


5 


15.2 


225 


1N4748A 


22 


11.5 


23 


750 


0.25 


5 


16.7 


205 


1N4749A 


24 


10.5 


25 


750 


0.25 


5 


18.2 


190 


1N47S0A 


27 


9.5 


35 


750 


0.25 


5 


20.6 


170 


1N47S1A 


30 


8.5 


40 


1000 


0.25 


5 


22.8 


150 


1N4752A 


33 

— 


7.5 


45 


1000 


0.25 


5 


25.1 


135 


1 N4 / OOM 


36 




7 


50 


1000 


0.25 


5 


27.4 


125 


1N4754A 


39 


6.5 


60 


1000 


0.25 


5 


29.7 


115 


1N4755A 


43 


6 


70 


1500 


0.25 


5 


32.7 


110 


1N4756A 


47 


5.5 


80 


1500 


0.25 


5 


35.8 


95 


1N4757A 


51 


5 


95 


1500 


0.25 


5 


38.8 


90 


1N4758A 


56 


4.5 


110 


2000 


0.25 


5 


42.6 


80 


1N4759A 


62 


4 


125 


2000 


0.25 


5 


47.1 


70 


1N4760A 


68 


3.7 


150 


2000 


0.25 


5 


51.7 


65 


1N4761A 


75 


3.3 


175 


2000 


0.25 


5 


56 


60 


1N4762A 


82 


3 


200 


3000 


0.25 


5 


62.2 


55 


1N4763A 


91 


2.8 


250 


3000 


0.25 


5 


69.2 


50 


1N4764A 


100 


2.5 


350 


3000 


0.25 


5 


76 


45 



■Indicates JEDEC Registered Data. 

NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 

The JEDEC type numbers listed have a standard tolerance on the nominal zener voltage ol 
±5%. C for ±2%, D tor ±1%. 



NOTE 2. SPECIALS AVAILABLE INCLUDE: 

Nominal zener voltages between the voltages shown and tighter voltage tolerances. 
For detailed information on price, availability, and delivery, contact your nearest Motorola rep- 
resentative. 

NOTE 3. ZENER VOLTAGE (Vj) MEASUREMENT 

Motorola guarantees the zener voltage when measured at 90 seconds while maintaining the 
lead temperature 0"l) at 30-C ± 1 -C, 3/8- from the diode body. 



NOTE 4. ZENER IMPEDANCE (Z z ) DERIVATION 

The zener impedance is derived from the 60 cycle ac voltage, which results when an ac cur- 
rent having an rms value equal to 1 0% of the dc zener current (Izy or l ZK ) is superimposed 
°"'ZT°"ZK- 

NOTE 5. SURGE CURRENT (l r ) NON-REPETITIVE 

The rating listed in the electrical characteristics table is maximum peak, non-repetttive, re- 
verse surge current of 1/2 square wave or equivalent sine wave pulse of 1/120 second dura- 
tion superimposed on the lest current. I7T, per JEDEC registration; however, actual device 
capability is as described in Figure 5 of the General Data — DO-41 Glass. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



BZX85C3V3RL through BZX85C100RL 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) (V F - 1.2 V Max, l F = 200 mA for all types.) 





Zener \ 


/oltage 




Zener Impedance 


Leal 


cage 






VZT(V) 






lz (ohms) 


Current 


Surge 




(Notes 


! and 3) 


Test 




(Note 4) 




(nA) 


Current 


Type 


V7 


V7 


Current 
!ZT 


Max 


Max 


at \z 




In 


T A = 25°C 
i r (mA) 


(Note 1) 


Mln 


Max 


(mA) 


at Izt 




(mA) 


V R \y) 


Max 


(Note 5) 


R7YW^r , W*RI 


3.1 


3.5 


80 


20 


400 


1 


1 


60 


1380 


R7YR* : ;r"3\/fiRI 


3.4 


3.8 


60 


15 


500 


1 


1 


30 


1 260 


R7YR^r"3\/QRI 


3.7 


4.1 


60 


15 


500 


1 




K 


1190 


R7YRHP/i\/'5RI 


4 


4.6 




13 


500 


1 







1070 


B2X85C4V7RL 


4.4 




45 


13 


600 


1 


1 .5 




970 




4.8 


5.4 


HO 


10 


500 


1 


2 


1 


890 


R7Yft^r , c;\/ftRI 


5.2 


6 


45 


7 


400 


1 


2 


1 


81 


R7Yfl*;r*ft\/9RI 


5.8 


6.6 


35 


4 


300 


1 


3 


1 


730 


BZX85C6V8RL 


6.4 


7.2 


35 


3.5 


300 


1 


4 


1 


660 


BZX85C7V5RL 


7 


7 9 


35 


* 
o 


200 


5 


4.5 


1 


605 


D7VQcr 1 0\ /ID I 


7.7 


8.7 


25 


5 


200 


0.5 


5 


1 


550 


d^aooOmVI HL 


8.5 


9.6 


25 


5 


200 


0.5 


6.5 


1 


500 


bZ.AobOlUHL 


9.4 


10.6 


25 


7 


200 


0.5 


7 


0.5 


454 


□ 7VOCP1 -i Dl 


10 4 


11 6 


20 


8 


300 


5 


7.7 


0.5 


414 


BZX85C12RL 


11 4 


12 7 


20 


o 


350 


5 


8.4 


0.5 


380 


D7YOCi^1 o D I 

DiXooO UHL 


12.4 


14.1 


20 


10 


400 


0.5 


9.1 


0.5 


344 


D7VOi;r , 1 cni 

bZ.Xob01oHL 


13.8 


15.6 


15 


15 


500 


0.5 


10.5 


0.5 


304 


bZ.XooL/ 1 DHL 


15.3 


17.1 


1 5 


15 


500 


0.5 


11 


0.5 


285 


bi.AOOL/1 OHL 


1 6.8 


19.1 


1 5 


20 


500 


5 


12.5 


0.5 


250 


BZX85C20RL 


1 8.8 


21 .2 


10 


24 


600 


0.5 


14 


0.5 


225 


R7YR(;POODI 


20.8 


23.3 


1 U 


25 


600 


0.5 


15.5 


0.5 


205 


R7YR^rf , 94RI 


22.8 


25.6 


1 U 


25 


600 


0.5 


17 


0.5 


1 90 




25.1 


28.9 


Q 




30 


750 


0.25 


1 9 


0.5 


170 


R7YnKP*5nDI 


28 


32 


Q 

o 


30 


1 000 


0.25 


21 


0.5 


1 50 


BZX85C33RL 


31 


35 


8 


35 


1000 


0.25 


23 


0.5 


135 


R7YR^rf"}fiRI 


34 


38 


Q 
O 


40 


1000 


0.25 


25 


0.5 


125 


BZX85C39RL 


37 


41 


6 


45 


1000 


0.25 


27 


0.5 


115 


BZX85C43RL 


40 


46 


6 


50 


1000 


0.25 


30 


0.5 


110 


BZX85C47RL 


44 


50 


4 


90 


1500 


0.25 


I 33 


0.5 


95 


BZX85C51 RL 


48 


54 


4 


115 


1500 


0.25 


36 


0.5 


90 


BZX85C56RL 


52 


60 


4 


120 


2000 


0.25 


39 


0.5 


80 


BZX85C62RL 


58 


66 


4 


125 


2000 


0.25 


43 


0.5 


70 


BZX85C68RL 


64 


72 


4 


130 


2000 


0.25 


47 


0.5 


65 


BZX85C75RL 


70 


80 


4 


150 


2000 


0.25 


51 


0.5 


60 


BZX85C82RL 


77 


87 


2.7 


200 


3000 


0.25 


56 


0.5 


55 


BZX85C91RL 


85 


96 


2.7 


250 


3000 


0.25 


62 


0.5 


50 


BZX85C100RL 


96 


106 


2.7 


350 


3000 


0.25 


68 


0.5 


45 



NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 

The type numbers listed have zener voltage min/max limits as shown. Device tolerance ot 
±2% are indicated by a "B" instead ol "C." 



er voltages between the voltages shown and tighter voltage tolerances. 
For detailed information on price, availability, and delivery, contact your nearest Motorola rep- 



NOTE 3. ZENER VOLTAGE (V z ) MEASUREMENT 

V z is measured after the test current has been applied to 40 ± 1 msec., while maintaining 
the lead temperature {Tl> at 30°C ± 1 °C, 3/8" from the diode body. 



NOTE 4. ZENER IMPEDANCE (Z z ) DERIVATION 

The zener impedance is derived from the 1 kHz cycle ac voltage, which results when an ac 
current having an rms value equal to 10% of the dc zener current flzr) or (l 2K ) is superim- 
posed on l z j or Izk- 

NOTE 5. SURGE CURRENT (l r ) NON-REPETITIVE 

The rating listed in the electrical characteristics table is maximum peak, non-repetitive, re- 
verse surge current of 1 12 square wave or equivalent sine wave pulse of 1 /l 20 second dura- 
tion superimposed on the test current 1^. However, actual device capability is as described 
in Figure 5 of General Data DO-41 glass. 



Motorola TVS/Zener Device Data 
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MZPY3.9RL through MZPY100RL 



ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted) V F - 1 .2 V Max, l F » 200 mA for all types. 



Type No. 
(Note 1) 


Zener Voltage (V) 
(Notes 2 and 3) 


Test Current 

! ZT 
(mA) 


Zener Impedance 

(Note 4) 
f = 1 kHz (ohms) 


Blocking 

Vftlt Mln PJ\ 
von lYi in ^vj 


Surge 
Current 
Ta = 25°C 
l r (ma) 
(Note 5) 


V 2 Mln 


V z Max 


Typ 


Max 


Ir = 1mA 


U7DV1 QDI 


3.7 


4.1 


100 


4 


7 




1 1 on 
1 1 yu 


MZPY4.3RL 


4 


4.6 


100 


4 


7 




1070 


MZPY4.7RL 


4.4 


5 


100 


4 


7 




970 


MZPY5.1RL 


4.8 


5.4 


100 


2 


5 


0.7 


890 


MZPY5.6RL 


5.2 


6 


100 


1 


2 


1.5 


810 


MZPY6.2RL 


5.8 


6.6 


100 


1 


2 


2 


730 


MZPY6.8RL 


6.4 


7.2 


100 


1 


2 


3 


660 


MZPY7.5RL 


7 


7.9 


100 


1 


2 


5 


605 


MZPY8 2RL 


7.7 


8.7 


100 


1 


2 


6 


550 


MZPY9.1RL 


8.5 


9.6 


50 


2 


4 


7 




500 




MirYIOHL 


9.4 


10.6 




50 


2 


4 


7.5 


454 


MZPY11RL 


10.4 


11.6 


50 


3 


7 


8.5 


414 


MZPY12RL 


11.4 


12.7 


50 


3 


7 


9 


380 


MZPY13RL 


12.4 


14.1 


50 


4 


9 


10 


344 


MZPY15RL 


14.2 


15.8 


50 


4 


9 


11 


304 


M7PY16RL 


15.3 


17.1 


25 


5 


10 


12 


285 


MZPY18RL 


16.8 


19.1 


25 


5 


11 


14 


250 


MZPY20RL 

ivi*7_r i cur tL 


18.8 


21.2 


25 


6 


12 


15 


225 


MZPY22RL 


20.8 


23.3 


25 


7 


13 


17 


205 


MZPY24RL 


22.8 


25.6 


25 


8 


14 


18 


190 


MZPY27RL 

i ti^_ r 141 llL 


25.1 


28.9 


25 


9 


15 


20 


170 


MZPY30RL 


28 


32 


25 


10 


20 


22.5 


150 


MZPY33RL 


31 


35 


25 


11 


20 


25 


135 


MZPY36RL 


34 


38 


10 


25 


60 


27 


125 


MZPY39RL 


37 


41 


10 


30 


60 


29 


115 


MZPY43RL 


40 


46 


10 


35 


80 


32 


110 


MZPY47RL 


44 


50 


10 


40 


80 


35 


95 


MZPY51RL 


48 


54 


10 


45 


100 


38 


90 


MZPY56RL 


52 


60 


10 


50 


100 


42 


80 


MZPY62RL 


58 


66 


10 


60 


130 


47 


70 


MZPY68RL 


64 


72 


10 


65 


130 


51 


65 


MZPY75RL 


70 


79 


10 


70 


160 


56 


60 


MZPY82RL 


77 


88 


10 


80 


160 


61 


55 


MZPY91RL 


85 


96 


5 


120 


250 


68 


50 


MZPY100RL 


94 


106 


5 


130 


250 


75 


45 



NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 

The type numbers Hated have zener voltage min/max limits as shown. Device 
±2% are indicated by a XT and ±1% by a "D" suffix. 

NOTE 2. SPECIALS AVAILABLE INCLUDE: 

Nominal zener voltages between the voltages shown and tighter voltage tolerances. 

For detailed Information on price, availability, and delivery, contact your nearest Motorola rep- 



NOTE 3. ZENER VOLTAGE (V 2 ) MEASUREMENT 

V z is measured after the test current has been applied to 40 ± 1 msec., while 
a 0"l) at 30°C ± 1*C, 3/8* from the diode body. 



NOTE 4. ZENER IMPEDANCE (Z z ) DERIVATION 

The zener impedance Is derived from the 1 kHz cycle ac voltage, which results when an ac 
current having an rms value equal to 1 0% of the dc zener current (l ZT ) of (I Z k) is superim- 
posed on I z t or l ZK . 

NOTE 5. SURGE CURRENT (l r ) NON-REPETfTtVE 

The rating listed In the electrical characteristics table is maximum peak, non-repetitive, re- 
verse surge current of 1 12 square wave or equivalent sine wave pulse of 1/1 20 second dura- 
tion superimposed on the test current l^-r, however, actual device capability is as described 
in Figure 5 ol General Data D&41 glass. 
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Motorola TVS/Zener Device Data 



Zener Voltage Regulator Diodes — Axial Leaded 



1-1.3WattDO-41 Glass 







Xb 



CASE 59-03 
DO-41 
GLASS 



NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
JEDEC DO-41 OUTLINE SHALL APPLY. 

2. POLARITY DENOTED BY CATHODE BAND. 

3. LEAD DIAMETER NOT CONTROLLED WITHIN F 
DIMENSION. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


4.07 


5.20 


0.160 


0.205 


B 


2.04 


2.71 


0.080 


0.107 


D 


D.71 


0.36 


032! 


0.034 


F 




-.27 




0.050 


K 


27.94 




1.100 





(Refer to Section 1 lor Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL, RL2 


6K 


Tape and Ammo 


TA, TA2 


4K 



NOTE: 1 . The '2" suffix refers to 26 mm tape spacing. 

(Refer to Section 1 for more information on Packaging Specifications.) 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Zener Voltage Regulator Diodes 

GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

1 to 3 Watt Surmetic 30 
Silicon Zener Diodes 

... a complete series of 1 to 3 Watt Zener Diodes with limits and operating characteristics 
that reflect the superior capabilities of silicon-oxide-passivated junctions. All this in an 
axial-lead, transfer-molded plastic package offering protection in all common environmen- 
tal conditions. 
Specification Features: 

• Surge Rating of 98 Watts @ 1 ms 

• Maximum Limits Guaranteed On Up To Six Electrical Parameters 

• Package No Larger Than the Conventional 1 Watt Package 

Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 

will be positive with respect to anode 
MOUNTING POSITION: Any 
WEIGHT: 0.4 gram (approx) 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seoul, Korea 

MAXIMUM RATINGS 



GENERAL 
DATA 

1-3 WATT 
DO-41 
SURMETIC 30 



1 TO 3 WATT 
ZENER REGULATOR 
DIODES 
3.3-400 VOLTS 




Rating 


Symbol 


Value 


Unit 


DC Power Dissipation @ T|_ - 75°C 


PD 


3 


Watts 


Lead Length - 3/8* 








Derate above 75°C 




24 


mW/°C 


DC Power Dissipation @ T A = 50°C 


pd 


1 


Watt 


Derate above 50°C 




6.67 


mW/°C 


Operating and Storage Junction Temperature Range 


T J. Tstg 


-65 to +200 


°C 



I 4 













L 


1 1 
= LEAD LENGTH 










L=1 


/8"\ 




TO H 


EAT SI 


NK 
























L 


. 3/8" ' 




































L 




















= 1" 















































































20 40 60 80 100 120 140 160 180 200 
T L , LEAD TEMPERATURE (°C) 

Figure 1. Power Temperature Derating Curve 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 1-3 WATT DO-41 SURMETIC 30 





APPLICATION NOTE 

Since the actual voltage available from a given zener diode 
is temperature dependent, it is necessary to determine junc- 
tion temperature under any set of operating conditions in order 
to calculate its value. The following procedure is recom- 
mended: 

Lead Temperature, T|_, should be determined from: 

TL = eu\ PD + TA 
©LA is the lead-to-ambient thermal resistance (°C/W) and 
Pp is the power dissipation. The value for 8|_a will vary and 
depends on the device mounting method. 9|_a is generally 
30-40°C/W for the various clips and tie points in common 
use and for printed circuit board wiring. 

The temperature of the lead can also be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsed operation 
once steady-state conditions are achieved. Using the mea- 
sured value of T[_, the junction temperature may be deter- 
mined by: 

Tj = T|_ + ATj|_ 



ATjl is the increase in junction temperature above the lead 
temperature and may be found from Figure 2 for a train of 
power pulses (L = 3/8 inch) or from Figure 1 for dc power. 

ATjl = 9 JL P D 

For worst-case design, using expected limits of lz, limits of 
Pq and the extremes of Tj (ATj) may be estimated. Changes 
in voltage, Vz, can then be found from: 

AV = 6vz ATj 

6vz. the zener voltage temperature coefficient, is found from 
Figures 5 and 6. 

Under high power-pulse operation, the zener voltage will 
vary with time and may also be affected significantly by the 
zener resistance. For best regulation, keep current excursions 
as low as possible. 

Data of Figure 2 should not be used to compute surge capa- 
bility. Surge limitations are given in Figure 3. They are lower 
than would be expected by considering only junction tempera- 
ture, as current crowding effects cause temperatures to be ex- 
tremely high in small spots resulting in device degradation 
should the limits of Figure 3 be exceeded. 
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GENERAL DATA — 1-3 WATT DO-41 SURMETIC 30 



TEMPERATURE COEFFICIENT RANGES 

(90% of the Units are in the Ranges Indicated) 
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5 6 7 8 9 10 
V Z , ZENER VOLTAGE @ l ZT (VOLTS) 

Figure 5. Units To 12 Volts 



12 




50 100 200 400 
V Z , ZENER VOLTAGE @ l Z y (VOLTS) 

Figure 6. Units 10 To 400 Volts 



1000 



ZENER VOLTAGE versus ZENER CURRENT 

(Figures 7, 8 and 9) 




3 4 5 6 7 
V Z , ZENER VOLTAGE (VOLTS) 



8 9 



10 



10 20 



Figure 7. Vz = 3.3 thru 10 Volts 



30 40 50 60 70 80 
V Z , ZENER VOLTAGE (VOLTS) 

Figure 8. Vz = 12 thru 82 Volts 



90 100 



100 



1 




200 250 300 350 400 
V z , ZENER VOLTAGE (VOLTS) 
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CON 


PRIMARY PATH OF 
DUCTION IS THROUGH 
HE CATHODE LEAD 
J 1 1 










1 



1/8 1/4 3/8 1/2 5/8 3/4 7/8 
L, LEAD LENGTH TO HEAT SINK (INCH) 



Figure 9. Vz = 100 thru 400 Volts 



Figure 10. Typical Thermal Resistance 
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Motorola TVS/Zener Device Data 



1N5913B through 1N5956B 



■MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


DC Power Dissipation @ T|_ = 75°C, Lead Length - 3/8" 
Derate above 75°C 


PD 


1.5 
12 


Watts 
mW/°C 



'ELECTRICAL CHARACTERISTICS (T L . 30°C unless otherwise noted. Vp- 1.6 Volts Max @ l F = 200 mAdc for all types.) 





Nominal 










Max. Reverse 


Maximum DC 


Motorola 


Zener Voltage 


Test 


Max. Zener Impedance (Note 4) 


Leakage 


Current 


Zener 


Type 


Vz@'ZT 
















Current 












Current 


Numhar 


Volts 




ZZT @ IZT 


Z ZK € 


i <ZK 


IR @ Vr 


Ini 


(Note 1) 


(Note 2 and 3) 


mA 


Ohms 


Ohms 


mA 


uA 


Volts 


mAdc 


1N5913B 


3.3 


113.6 


10 


500 


1 


100 


1 


454 


1 N5914B 


3.6 


104.2 


9 


500 


1 


75 


1 


416 


H Mem CD 

i N5915b 


3.9 


96.1 


7.5 


500 


1 


25 


1 


384 


1N5916B 


4.3 


87.2 


6 


500 


1 


5 


1 


348 


1N5917B 


4.7 


79.8 


5 


500 


1 


c 






319 


1N5918B 


5.1 


73.5 


4 


350 


1 


5 


2 


294 


1N5919B 


5.6 


66.9 


2 


250 


1 


5 


3 


267 


1NS920B 


6.2 


60.5 


2 


200 


1 


5 


4 


24 1 


1N5921B 


6.8 


55.1 


2.5 


200 


1 


5 


5.2 


220 


1N5922B 


7.5 


50 


3 


400 


0.5 


C 




D 


200 


1 N5923B 


8.2 


45.7 


3.5 


400 


0.5 


5 


6.5 


1 82 


1N5924B 


9.1 


41.2 


4 


500 


0.5 


5 


7 


164 


1 N5925B 


10 


37.5 


4.5 


500 


0.25 


5 


8 


150 


1 N5926B 


11 


34.1 


5.5 


550 


0.25 


1 


8.4 


136 


1N5927B 


12 


31 .2 


6.5 


550 


0.25 




9 1 


125 


1 N5928B 


13 


28.8 


7 


550 


0.25 




9.9 


115 


1N5929B 


15 


25 


9 


600 


0.25 




11.4 


100 


1 N59 JUd 


16 


23.4 


10 


600 


0.25 




12.2 


93 


1 N5931 B 


18 


20.8 


12 


650 


0.25 




13.7 


83 


1N5932B 


20 


18.7 


14 


650 


0.25 




15.2 


75 


1N5933B 


22 


17 


17.5 


650 


0.25 




16.7 


68 


1N5934B 


24 


15.6 


19 


700 


0.25 




18.2 


62 


1N5935B 


27 


13.9 


23 


700 


0.25 




20.6 


55 


1N5936B 


30 


12.5 


26 


750 


0.25 




22.8 


50 


1N5937B 


33 


11.4 


33 


800 


0.25 




25.1 


45 


1N5938B 


36 


10.4 


38 


850 


0.25 




27.4 


41 


1N5939B 


39 


9.6 


45 


900 


0.25 




29.7 


38 


1 N5940B 


43 


8.7 


53 


950 


0.25 




32.7 


34 


1N5941B 


47 


8 


67 


1000 


0.25 




35.8 


31 


1N5942B 


51 


7.3 


70 


1100 


0.25 




38.8 


29 


1N5943B 


56 


6.7 


86 


1300 


0.25 




42.6 


26 


1N5944B 


62 


6 


100 


1500 


0.25 




47.1 


24 


1 N5945B 


68 


5.5 


120 


1700 


0.25 




51.7 


22 


1N5946B 


75 


5 


140 


2000 


0.25 




56 


20 


1N5947B 


82 


4.6 


160 


2500 


0.25 




62.2 


18 



(continued) 

•Indicates JEDEC Registered Data. 



Devices listed in bold, italic are Motorola preferred devices. 
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1N5913B through 



•ELECTRICAL CHARACTERISTICS — continued (T L = 30°C unless otherwise noted. V F = 1 .5 Volts Max @ l F = 200 mAdc for all 
types.) 



Motorola 

Type 
Number 
(Note 1) 


Nominal 
Zener Voltage 

V Z @I ZT 
Volts 
(Note 2 and 3) 


Test 
Current 

'ZT 
mA 


Max. Zener Impedance (Note 4) 


Max. Reverse 
Leakage Current 


Maximum DC 
Zener 
Current 

IZM 
mAdc 


ZZT@'ZT 
Ohms 


z zk a 
Ohms 


D 'ZK 
mA 


MA 


Volts 


1 N5948B 
1N5949B 
1N5950B 
1N5951B 
1N5952B 


91 

100 

110 

120 

130 


4.1 
3.7 
3.4 
3.1 
2.9 


200 
250 
300 
380 
450 


3000 
3100 
4000 
4500 
5000 


0.25 
0.25 
0.25 
0.25 
0.25 




69.2 
76 
83.6 
91.2 
98.8 


16 
15 
13 
12 
11 


1N5953B 


150 


2.5 


600 


6000 


0.25 




114 


10 


1N5954B 


160 


2.3 


700 


6500 


0.25 




121.6 


9 


1N5955B 


180 


2.1 


900 


7000 


0.25 




136.8 


8 


1N5956B 


200 


1.9 


1200 


8000 


0.25 




152 


7 



"Indicates JEDEC Registered Data. 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation — Device tolerances of ±5% are Indicated by a "B" suffix. 

NOTE 2. SPECIAL SELECTIONS AVAILABLE INCLUDE: 

Nominal zener voltages between those shown and ±1% and ±2% light voltage tolerances. 
Consult factory. 



NOTE 3. ZENER VOLTAGE (V z ) MEASUREMENT 

Motorola guarantees the zener voltage when meausred at 90 seconds while maintaining the 
lead temperature (T|_) at 30°C ±1 °C, 3/8" from the diode body. 

NOTE 4. ZENER IMPEDANCE <Z Z ) DERIVATION 

The zener impedance is derived from the 60 cycle ac voltage, which results when an ac cur- 
rent having an rms value equal to 10% of the dc zener current (l ZT or l ZK ) is superimposed 
on l ZT or l ZK . 



6 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



3EZ3.9D5 through 3EZ400D5 



ELECTRICAL CHARACTERISTICS (T A . 25°C unless otherwise noted) V F = 1 .5 V Max, l F - 200 mA for all types) 



Motorola 
Type No. 
(Note 1) 


Nominal 
Zener Voltage 

VZ@"ZT 

Volts 
(Note 2) 


Test 
Current 

IZT 
mA 


Max Zener Impedance 
(Note 3) 


Leakage 
Current 


Maximum 
Zener 
Current 
IZM 

mA 


Surge 
Current 
©T A = 25°C 
l r -mA 
(Note 


ZZT@'ZT 
Ohms 


ZZK @ 'ZK 
Ohms 


! ZK 
mA 


! R <£ 
uA Max 


D Vr 
Volts 


3EZ3.9D5 


3.9 


192 


4.5 


400 


1 


80 


1 


630 


4.4 


3EZ4.3D5 


4.3 


174 


4.5 


400 


1 


30 


1 


590 


4.1 


3EZ4.7D5 


4.7 


160 


4 


500 


1 


20 


1 


550 


3.8 


3EZ5.1D5 


5.1 


147 


3.5 


550 


1 


5 


1 


520 


3.5 


3EZ5.6D5 


5.6 


134 


2.5 


600 


1 


5 


2 


480 


3.3 


3EZ6.2D5 


6.2 


121 


1.5 


700 


1 


5 


3 


435 


3.1 


3EZ6.805 


6.8 


110 


2 


700 


1 


5 


4 


393 


2.9 


3EZ7.5D5 


7.5 


100 


2 


700 


0.5 


5 


5 


360 


2.66 


3EZ8.2D5 


8.2 


91 


2.3 


700 


0.5 


5 


6 


330 


2.44 


3EZ9.1D5 


9.1 


82 


2.5 


700 


0.5 


3 


7 


297 


2.2 


3EZ10D5 


10 


75 


3.5 


700 


0.25 


3 


7.6 


270 


2 


3EZ11D5 


11 


68 


A 


700 


0.25 


•j 


8.4 


245 


1.82 


3EZ12D5 


12 


63 


4.5 


700 


0.25 


1 


9.1 


225 


1.66 


3EZ13D5 


13 


58 


4.5 


700 


0.25 


0.5 


9.9 


208 


1.54 


3EZ14D5 


14 


53 


5 


700 


0.25 


0.5 


10.6 


193 


1.43 


3EZ15D5 


15 


50 


5 5 


700 


0.25 


0.5 


11.4 


180 


1.33 


3EZ16D5 


16 


47 


5.5 


700 


0.25 


0.5 


12.2 


169 


1.25 


3EZ17D5 


17 


44 


6 


750 


0.25 


0.5 


13 


159 


1.18 


3EZ18D5 


18 


42 


6 


750 


0.25 


0.5 


13.7 


150 


1.11 


3EZ19D5 


19 


40 


7 


750 


0.25 


0.5 


14.4 


142 


1.05 


3EZ20D5 


20 


37 


7 


750 


0.25 


0.5 


15.2 


135 


1 


3EZ22D5 


22 


34 


8 


750 


0.25 


0,5 


16.7 


123 


0.91 


3EZ24D5 


24 


31 


9 


750 


0.25 


0.5 


18.2 


112 


0.83 


3EZ27D5 


27 


28 


10 


750 


25 


0.5 


20.6 


100 


0.74 


3EZ28D5 


28 


27 


12 


750 


0.25 


0.5 


21 


96 


0.71 


3EZ30D5 


30 


25 


16 


1000 


0.25 


0.5 


22.5 


90 


0.67 


3EZ33D5 


33 


23 


20 


1000 


0.25 


0.5 


25.1 


82 


0.61 


3EZ36D5 


36 


21 


22 


1000 


25 


5 


27 4 


75 


0.56 


3EZ39D5 


39 


19 


28 


1000 


0.25 


0.5 


29.7 


69 


0.51 


3EZ43D5 


43 


17 


33 


1500 


0.25 


0.5 


32.7 


63 


0.45 


3EZ47D5 


47 


16 


38 


1500 


0.25 


0.5 


35.6 


57 


0.42 


3EZ51 D5 


51 


15 


45 


1500 


0.25 


0.5 


38.8 


53 


0.39 


3EZ56D5 


56 


13 


50 


2000 


0.25 


0.5 


42.6 


48 


0.36 


3EZ62D5 


62 


12 


55 


2000 


0.25 


0.5 


47.1 


44 


0.32 


3EZ68D5 


68 


11 


70 


2000 


0.25 


0.5 


51.7 


40 


0.29 


3EZ75D5 


75 


10 


85 


2000 


0.25 


0.5 


56 


36 


0.27 


3EZ82D5 


82 


9.1 


95 


3000 


0.25 


0.5 


62.2 


33 


0.24 


3EZ91D5 


91 


8.2 


115 


3000 


0.25 


0.5 


69.2 


30 


0.22 


3EZ100D5 


100 


7.5 


160 


3000 


0.25 


0.5 


76 


27 


0.2 


3EZ110D5 


110 


6.8 


225 


4000 


0.25 


0.5 


83.6 


25 


0.18 


3EZ120D5 


120 


6.3 


300 


4500 


0.25 


0.5 


91.2 


22 


0.16 


3EZ130D5 


130 


5.8 


375 


5000 


0.25 


0.5 


98.8 


21 


0.15 


3EZ140D5 


140 


5.3 


475 


5000 


0.25 


0.5 


106.4 


19 


0.14 


3EZ150D5 


150 


5 


550 


6000 


0.25 


0.5 


114 


18 


0.13 


3EZ160D5 


160 


4.7 


625 


6500 


0.25 


0.5 


121.6 


17 


0.12 


3EZ170D5 


170 


4.4 


650 


7000 


0.25 


0.5 


130.4 


16 


0.12 


3EZ180D5 


180 


4.2 


700 


7000 


0.25 


0.5 


136.8 


15 


0.11 


3EZ190D5 


190 


4 


800 


8000 


0.25 


0.5 


144,8 


14 


0.1 



(continued) 



Devices listed in bold, italic are Motorola preferred devices, 
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3EZ3.9D5 through 3EZ400D5 



ELECTRICAL CHARACTERISTICS — continued (T A = 25°C unless otherwise noted) V F = 1.5V Max, l F = 200 mA for all types) 



Motorola 
Type No. 
(Note 1) 


Nominal 
Zener Voltage 

V Z @IZT 

Volts 
(Note 2) 


Test 
Current 

IZT 
mA 


Max Zener Impedance 
(Note 3) 


Leakage 
Current 


Maximum 
Zener 
Current 

'ZM 
mA 


Surge 
Current 
@ T A = 25°C 
i r - mA 
(Note 4) 


ZZT@IZT 
Ohms 


ZZK @ IZK 
Ohms 


IZK 
mA 


|iA Max 


a v R 

Volts 


3EZ200D5 


200 


3.7 


875 


8000 


0.25 


0.5 


152 


13 


0.1 


3EZ220D5 


220 


3.4 


1600 


9000 


0.25 




167 


12 


0.09 


3EZ240D5 


240 


3.1 


1700 


9000 


0.25 




182 


11 


0.09 


3EZ270D5 


270 


2.8 


1800 


9000 


0.25 




205 


10 


0.08 


3EZ300D5 


300 


2.5 


1900 


9000 


0.25 




228 


9 


0.07 


3EZ330D5 


330 


2.3 


2200 


9000 


0.25 




251 


8 


0.06 


3EZ360D5 


360 


2.1 


2700 


9000 


0.25 




274 


8 


0.06 


3EZ400D5 


400 


1.9 


3500 


9000 


0.25 




304 


7 


0.06 



NOTE 1. TOLERANCES 

Suffix 5 indicates 5% tolerance. Any other tolerance will be considered as a special device. 
NOTE 2. ZENER VOLTAGE (V z ) MEASUREMENT 

Motorola guarantees the zener voltage when measured at 40 ms ±1 ms 3/8* from the diode 
body, and an ambient temperature of 25 8 C (+8 e C. -2°C) 

NOTE 3. ZENER IMPEDANCE (Z z ) DERIVATION 

The zener impedance is derived from the 60 cycle ac voltage, which results when an ac cur- 
rent having an rms value equal to 1 0% of the dc zener current (l Z x or l ZK ) is superimposed 
on \zj or l ZK . 



NOTE A. SURGE CURRENT (l r ) NON-REPETITIVE 

The rating listed in the electrical characteristics table is maximum peak, non-repetitive, re- 
verse surge current of 1 12 square wave or equivalent sine wave pulse of 1 /1 20 second dura- 
tion superimposed on the test current, l ZT , per JEDEC standards, however, actual device ca- 
pability is as described in Figure 3 of General Data sheet for Surmetlc 30s. 

NOTE 5. SPECIAL SELECTIONS AVAILABLE INCLUDE: 

Nominal zener voltages between those shown. Tight voltage tolerances such as ±1% and 
±2%. Consult factory. 
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Motorola TVS/Zener Device Data 



MZD3.9 through MZD200 



ELECTRICAL CHARACTERISTICS (T A = 25-C unless otherwise noted.) V F = 1 .5 V Max, l F = 200 mA for all types. 



Type No. 
(Note 1) 


Zener Voltage 
(Note 2) 


Test 
Current 

"ZT 
mA 


Zener Impedance at Izt 
f = 1000 Hz (Ohm) 


Blocking Voltage 
|R = 1 MA 


Typical 

Tc 

%/°C 


Surge Current 
@Ti_ = 25°C 
l r -mA 
(Note 3) 


MIn 


Max 


Typ 


Max 


MZD3.9 


3.7 


4.1 


100 


3.8 


7 


— 


-0.06 


1380 


M2D4.3 


4 


4.6 


100 


3.8 


7 


— 


0.055 


1260 


MZD4.7 


4.4 


5 


100 


3.8 


7 


— 


0.03 


1190 


MZD5.1 


4.8 


5.4 


100 


2 


5 


— 


0.03 


1070 


MZD5.6 


5.2 


8 


100 


1 


2 


1.5 


+0.038 


970 


MZD6.2 


5.8 


6.6 


100 


1 


2 


1.5 


+0.045 


890 


MZD6.8 


6.4 


7.2 


100 


1 


2 


2 


+0.05 


810 


MZD7.5 


7 


7.9 


100 


1 


2 


2 


+0.058 


730 


MZD8.2 


7.7 


8.7 


100 


1 


2 


3.5 


+0.062 


660 


MZD9.1 


8.5 


9.6 


50 


2 


4 


3.5 


+0.068 


605 


MZD10 


9.4 


10.6 


50 


2 


4 


5 


+0.075 


550 


MZD11 


10.4 


11.6 


50 


4 


7 


5 


+0.076 


500 


MZD12 


11.4 


12.7 


50 


4 


7 


7 


+0.077 


454 


MZD13 


12.4 


14.1 


50 


5 


10 


7 


+0.079 


414 


MZD15 


13.8 


15.8 


50 


5 


10 


10 


+0.082 


380 


MZD16 


15.3 


17.1 


25 


6 


15 


10 


+0.083 


344 


MZD18 


16.8 


19.1 


25 


6 


15 


10 


+0.085 


304 


MZD20 


18.8 


21.2 


25 


6 


15 


10 


+0.086 


285 


MZD22 


20.8 


23.3 


25 


6 


15 


12 


+0.087 


250 


MZD24 


22.8 


25.6 


25 


7 


15 


12 


+0.088 


225 


MZD27 


25.1 


28.9 


25 


7 


15 


14 


+0.09 


205 


MZD30 


28 


32 


25 


8 


15 


14 


+0.091 


190 


MZD33 


31 


35 


25 


8 


15 


17 


+0.092 


170 


MZD36 


34 


38 


10 


21 


40 


17 


+0.093 


150 


MZD39 


37 


41 


10 


21 


40 


20 


+0.094 


135 


MZD43 


40 


46 


10 


24 


45 


20 


+0.095 


125 


MZD47 


44 


50 


10 


24 


45 


24 


+0.095 


115 


MZD51 


48 


54 


10 


25 


60 


24 


+0.096 


110 


MZD56 


52 


60 


10 


25 


60 


28 


+0.096 


95 


MZD62 


58 


66 


10 


25 


80 


28 


+0.097 


90 


MZD68 


64 


72 


10 


25 


80 


34 


+0.097 


80 


MZD75 


70 


79 


10 


30 


100 


34 


+0.098 


70 


MZD82 


77 


88 


10 


30 


100 


41 


+0.098 


65 


MZD91 


85 


96 


5 


60 


200 


41 


+0.099 


60 


MZD100 


94 


106 


5 


60 


200 


50 


+0.11 


55 


MZD110 


104 


116 


5 


80 


250 


50 


+0.11 


50 


MZD120 


114 


127 


5 


80 


250 


60 


+0.11 


45 


MZD130 


124 


141 


5 


110 


300 


60 


+0.11 




MZD150 


138 


156 


5 


110 


300 


75 


+0.11 




MZD160 


153 


171 


5 


150 


350 


75 


+0.11 




MZD180 


168 


191 


5 


150 


350 


90 


+0.11 




MZD200 


188 


212 


5 


150 


350 


90 


+0.11 


- 



NOTE 3. (I r ) NON-REPETITIVE SURGE CURRENT 

Maximum peak, non-repetitive reverse surge current of halt square wave or equivalent sine 
wave pulse of 50 ms duration, superimposed on the tesl current {l^r). 

NOTE 4. SPECIAL SELECTIONS AVAILABLE INCLUDE: 

Nominal zener voltages between those shown. Tight voltage tolerances such as ±1% and 
±2%. Consult factory. 



NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 

The type numbers listed have zener voltage min/max limits as shown. 

NOTE 2. ZENER VOLTAGE <V Z ) MEASUREMENT 

The zenervoltageis measured aflerthetest current (l ZT ) has been applied for 40+1 millisec- 
onds, while maintaining a lead temperautre (T L ) of 30"C at a point of 10 mm from the diode 
body. 



Devices listed in bold, italic are Motorola preferred devices. 
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MZP4728A through MZP4764A, 1M110ZS5 through 1M200ZS5 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V F = 1 .5 V Max, l F ■= 200 mA for all types 



Motorola 
Typo No. 
(Notel) 


Nominal 
Zener Voltage 

V Z @IZT 

Volts 
(Note 2) 


Test Current 

IZT 
mA 


Max Zener Impedance 
(Note 3) 


Leakage 
Current 


Surge 
Current 
@ T A = 25°C 
l r -mA 
(Note 4) 


Zzt @ l Z T 
Ohms 


ZZK @ 'ZK 
Ohms 


IZK 
mA 


IR ( 
fiA Max 


a v R 

" Volts 


MZP4728A 


3.3 


76 


10 


400 


1 


100 


1 


1380 


MZP4729A 


3.6 


69 


10 


400 


1 


100 


1 


1260 


MZP4730A 


3.9 


64 


9 


400 


1 


50 


1 


1190 


MZP4731A 


4.3 


58 


9 


400 


1 


10 


1 


1070 


MZP4732A 


4.7 


53 


8 


500 


1 


10 


1 


970 


MZP4733A 


5.1 


49 


7 


550 


1 


10 


1 


890 


MZP4734A 


5.6 


45 


5 


600 


1 


10 


2 


810 


MZP4735A 


6.2 


41 


2 


700 


1 


10 


3 


730 


MZP4736A 


6.8 


37 


3.5 


700 


1 


10 


4 


660 


MZP4737A 


7.5 


34 


4 


700 


0.5 


10 


5 


605 


MZP4738A 


8.2 


31 


4.5 


700 


0.5 


10 


6 


550 


MZP4739A 


9.1 


28 


5 


700 


0.5 


10 


7 


500 


MZP4740A 


10 


25 


7 


700 


0.25 


10 


7.6 


454 


MZP4741A 


11 


23 


8 


700 


0.25 


5 


8.4 


414 


MZP4742A 


12 


21 


9 


700 


0.25 


5 


9.1 


380 


MZP4743A 


13 


19 


10 


700 


0.25 


5 


9.9 


344 


MZP4744A 


15 


17 


14 


700 


0.25 


5 


11.4 


304 


MZP4745A 


16 


15.5 


16 


700 


0.25 


5 


12.2 


285 


MZP4746A 


18 


14 


20 


750 


0.25 


5 


13.7 


250 


MZP4747A 


20 


12.5 


22 


750 


0.25 


5 


15.2 


225 


MZP4748A 


22 


11.5 


23 


750 


0.25 


5 


16.7 


205 


MZP4749A 


24 


10.5 


25 


750 


0.25 


5 


18.2 


190 


MZP4750A 


27 


9.5 


35 


750 


0.25 


5 


20.6 


170 


M2P4751A 


30 


8.5 


40 


1000 


0.25 


5 


22.8 


150 


MZP4752A 


33 


7.5 


45 


1000 


0.25 


5 


25.1 


135 


MZP4753A 


36 


7 


50 


1000 


0.25 


5 


27.4 


125 


MZP4754A 


39 


6.5 


60 


1000 


0.25 


5 


29.7 


115 


MZP4755A 


43 


6 


70 


1500 


0.25 


5 


32.7 


110 


MZP4756A 


47 


5.5 


80 


1500 


0.25 


5 


35.8 


95 


MZP4757A 


51 


5 


95 


1500 


0.25 


5 


38.8 


90 


MZP4758A 


56 


4.5 


110 


2000 


0.25 


5 


42.6 


80 


MZP4759A 


62 


4 


125 


2000 


0.25 


5 


47.1 


70 


MZP4760A 


68 


3.7 


150 


2000 


0.25 


5 


51.7 


65 


MZP4761A 


75 


3.3 


175 


2000 


0.25 


5 


56 


60 


MZP4762A 


82 


3 


200 


3000 


0.25 


5 


62.2 


55 


MZP4763A 


91 


2.8 


250 


3000 


0.25 


5 


69.2 


50 


MZP4764A 


100 


2.5 


350 


3000 


0.25 


5 


76 


45 


1M110ZS5 


110 


2.3 


450 


4000 


0.25 


5 


83.6 




1M120ZS5 


120 


2 


550 


4500 


0.25 


5 


91.2 




1M130ZS5 


130 


1.9 


700 


5000 


0.25 


5 


98.8 




1M150ZS5 


150 


1.7 


1000 


6000 


0.25 


5 


114 




1M160ZS5 


160 


1.6 


1100 


6500 


0.25 


5 


121.6 




1M180ZS5 


180 


1.4 


1200 


7000 


0.25 


5 


136.8 




1M200ZS5 


200 


1.2 


1500 


8000 


0.25 


5 


152 





NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 

The type numbers fisted have a standard tolerance on the nominal zener voltage of ±5%. The 
tolerance on the 1 M type numbers is indicated by the digits following ZS in the part number. 
"5" indicates a ±5% V z tolerance. 

NOTE 2. ZENER VOLTAGE (V z ) MEASUREMENT 

Motorola guarantees the zener voltage when measured at 90 seconds while maintaining the 
lead temperature (T L ) at 30'C ±1°C, 3/8' from the diode body. 

NOTE 3. ZENER IMPEDANCE (Zjj DERIVATION 

The zener impedance is derived from the 60 cycle ac voltage, which results when an ac 



Devices listed in bold, italic are Motorola preferred devices. 



current having an rms value equal to 1 0% of the dc zener current (l ZT or l ZK ) is superimposed 
onl ZT orl ZK . 

NOTE 4. SURGE CURRENT <l r ) NON-REPETITIVE 

The rating listed in the electrical characteristics table is maximum peak, non-repetitive, 
reverse surge current of 1/2 square wave or equivalent sine wave pulse of 1/120 second 
duration superimposed on the test current. I ZT , however, actual device capability is as 
described in Figure 3 of General Data — Surmetic 30. 
NOTE S. SPECIAL SELECTIONS AVAILABLE INCLUDE: 

Nominal zener voltages between those shown. Tight voltage tolerances such as ±1% and 
±2%. Consult factory. 
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Motorola TVS/Zener Device Data 



Zener Voltage Regulator Diodes — Axial Leaded 



— 



1-3 Watt DO-41 Surmetic 30 



JL 



CASE 59-03 
DO-41 
PLASTIC 



NOTES: 

1 . ALL RULES AND NOTES ASSOCIATED WITH 
JEDEC DO-41 OUTLINE SHALL APPLY. 

2. POLARITY DENOTED BY CATHODE BAND. 

3. LEAD DIAMETER NOT CONTROLLED WITHIN F 
DIMENSION. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


4.07 


5.20 


0.160 


0.205 


B 


2.04 


2.71 


:.:r 


0.107 


D 


0.71 


0.86 


0.026 


0.034 


F 




1.27 




C.05C 


K 


27.94 






— 



(Refer to Section 1 for Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL 


6K 


Tape and Ammo 


TA 


4K 



(Refer to Section 10 for more information on Packaging Specifications.) 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



5 Watt Surmetic 40 
Silicon Zener Diodes 



This is a complete series of 5 Watt Zener Diodes with tight limits and better operating 
characteristics that reflect the superior capabilities of silicon-oxide-passivated junctions. 
All this is in an axial-lead, transfer-molded plastic package that offers protection in all com- 
mon environmental conditions. 
Specification Features: 

• Up to 180 Watt Surge Rating @ 8.3 ms 

• Maximum Limits Guaranteed on Seven Electrical Parameters 

Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 

will be positive with respect to anode 
MOUNTING POSITION: Any 
WEIGHT: 0.7 gram (approx) 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seoul, Korea 



1N5333B 
through 
1N5388B 



5 WATT 
ZENER REGULATOR 
DIODES 
3.3-200 VOLTS 




MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


DC Power Dissipation @ T|_ = 75°C 
Lead Length ■ 3/8" 
Derate above 75°C 


PD 


5 

40 


Watts 
mW/°C 


Operating and Storage Junction Temperature Range 


Tj. T stg 


- 65 to +200 


°C 
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Figure 1. Power Temperature Derating Curve 
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Motorola TVS/Zener Device Data 



1N5333B through 1N5388B 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted, Vp = 1.2 Max @ lp = 1 A for all types) 





Nominal 








Max Reverse 






Maximum 




Zener 




Max Zener Impedance 


Leakage 


Current 


Max 




Regulator 


















Current 




Voltage 


Test 










Surge 


Max voltage 


JEDEC 


V Z @ IZT 


Current 


ZZT @'ZT 


ZZK @ IZK = 1 m * 






Current 


Regulation 


Imma 


Type No. 


Volts 


IZT 


Ohms 


Ohms 




a Vr 


In Amps 


A M-w Unit 

Zi *2i von 


A 


oie i / 




mA 


(Note 2) 


(Note 2) 


(iA 


Volts 


fNntA 11 


(Note 4) 


(Note 5) 


1N5333B 


3.3 


380 


3 


400 


300 


1 


20 


0.85 


1440 


1 N5334B 


3.6 


350 


2.5 


500 


150 


1 


18.7 


0.8 


1 Qon 
i o^u 


1 N5335B 


3.9 


320 


2 


500 


50 


1 


17.6 


0.54 


1220 


1 N5336B 


4.3 


290 


2 


500 


10 


1 


16.4 


0.49 


1 1 00 


1NS337B 


4.7 


260 


2 


450 


5 


* 


15.3 


0.44 


1010 


1NS338B 


5.1 


240 


1.5 


400 


1 


1 


14.4 


0.39 


930 


1N5339B 


5.6 


220 


1 


400 


1 


2 


13.4 


0.25 


865 


1N5340B 


6 


200 


1 


300 


1 


3 


12.7 


0.19 


790 


1N5341B 


6.2 


200 


1 


200 


1 


3 


12.4 


0.1 


765 


1N5342B 


6.8 


175 


1 


200 


10 


5.2 


11.5 


0.15 


700 


1N5343B 


7.5 


175 


1.5 


200 


10 


5.7 


10.7 


0.15 


630 


1N5344B 


8.2 


150 


1.5 


200 


10 


6.2 


10 


0.2 


580 


1 N5345B 


8.7 


150 


2 


200 


10 


6.6 


9.5 


0.2 


545 


1N5346B 


9.1 


150 


2 


150 


7.5 


6.9 


9.2 


0.22 


520 


1NS347B 


10 


125 


2 


125 


5 


7.6 


8.6 


0.22 


475 


1N5348B 


11 


125 


2.5 


125 


5 


8.4 


8 


0.25 


430 


1NS349B 


12 


100 


2.5 


125 


2 


9.1 


7.5 


0.25 


395 


1NS350B 


13 


100 


2.5 


100 


1 


9.9 


7 


0.25 


365 


1N5351B 


14 


100 


2.5 


75 


1 


10.6 


6.7 


0.25 


340 


1N5352B 


15 


75 


2.5 


75 


1 


11.5 


6.3 


0.25 


315 


1N5353B 


16 


75 


2.5 


75 


1 


12.2 


6 


0.3 


295 


1N5354B 


17 


70 


2.5 


75 


0.5 


12.9 


5.8 


0.35 


280 


1N5355B 


18 


65 


2.5 


75 


0.5 


13.7 


5.5 


0.4 


265 


1 N5356B 


19 


65 


3 


75 


0.5 


14.4 


5.3 


0.4 


250 


1N5357B 


20 


65 


3 


75 


0.5 


15.2 


5.1 


0.4 


237 


1N53S8B 


22 


50 


3.5 


75 


0.5 


16.7 


4.7 


0.45 


216 


1N5359B 


24 


50 


3.5 


100 


0.5 


18.2 


4.4 


0.55 


198 


1 N5360B 


25 


50 


4 


110 


0.5 


19 


4.3 


0.55 


190 


1NS361B 


27 


50 


5 


120 


0.5 


20.6 


4.1 


0.6 


176 


1N5362B 


28 


50 


6 


130 


0.5 


21.2 


3.9 


0.6 


170 


1 N5363B 


30 


40 


8 


140 


0.5 


22.8 


3.7 


0.6 


158 


1 N5364B 


33 


40 


10 


150 


0.5 


25.1 


3.5 


0.6 


144 


1N5365B 


36 


30 


11 


160 


0.5 


27.4 


3.3 


0.65 


132 


1N5366B 


39 


30 


14 


170 


0.5 


29.7 


3.1 


0.65 


122 


1 N5367B 


43 


30 


20 


190 


0.5 


32.7 


2.8 


0.7 


110 


1N5368B 


47 


25 


25 


210 


0.5 


35.8 


2.7 


0.8 


100 


1 N5369B 


51 


25 


27 


230 


0.5 


38.8 


2.5 


0.9 


93 


1N5370B 


56 


20 


35 


280 


0.5 


42.6 


2.3 


1 


86 


1N5371B 


60 


20 


40 


350 


0.5 


42.5 


2.2 


1.2 


79 


1 N5372B 


62 


20 


42 


400 


0.5 


47.1 


2.1 


1.35 


76 


1 N5373B 


68 


20 


44 


500 


0.5 


51.7 


2 


1.5 


70 


1N5374B 


75 


20 


45 


620 


0.5 


56 


1.9 


1.6 


63 


1N5375B 


82 


15 


65 


720 


0.5 


62.2 


1.8 


1.8 


58 


1N5376B 


87 


15 


75 


760 


0.5 


66 


1.7 


2 


54.5 


1 N5377B 


91 


15 


75 


760 


0.5 


69.2 


1.6 


2.2 


52.5 


1N5378B 


100 


12 


90 


800 


0.5 


76 


1.5 


2.5 


47.5 


1N5379B 


110 


12 


125 


1000 


0.5 


83.6 


1.4 


2.5 


43 


1N5380B 


120 


10 


170 


1150 


0.5 


91.2 


1.3 


2.5 


39.5 


1N5381B 


130 


10 


190 


1250 


0.5 


98.8 


1.2 


2.5 


36.6 


1N5382B 


140 


8 


230 


1500 


0.5 


106 


1.2 


2.5 


34 



(continued) 



Devices listed in bold, italic are Motorola preferred devices. 
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1 N5333B 



ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C unless otherwise noted, Vp = 1 .2 Max @ lp = 1 A for all types) 



JEDEC 
Type No. 
(Note 1) 


Nominal 
Zener 

Voltage 

V Z @lrr 
Volts 

(Note 2) 


Test 
Current 

IZT 
mA 


Max Zener Impedance 


Max Reverse 
Leakage Current 


Max 
Surge 
Current 
l n Amps 
(Note 3) 


Max Voltage 
Regulation 
AVz, Volt 
(Note 4) 


Maximum 
Regulator 
Current 

IZM 
mA 
(Note 5) 


ZZT@IZT 
Ohms 
(Note 2) 


Z ZK @ IZK = 1 mA 
Ohms 
(Note 2) 


|R <j 
HA 


8 Vr 
• Volts 


1N5383B 


150 


a 


330 


1500 


0.5 


114 


1.1 


3 


31.6 


1N5384B 


160 


8 


350 


1650 


0.5 


122 


1.1 


3 


29.4 


1N5385B 


170 


8 


380 


1750 


0.5 


129 


1 


3 


28 


1 N5386B 


180 


5 


430 


1750 


0.5 


137 


1 


4 


26.4 


1N5387B 


190 


5 


450 


1850 


0.5 


144 


0.9 


5 


25 


1N5388B 


200 


5 


480 


1850 


0.5 


152 


0.9 


5 


23.6 



NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 

The JEDEC type numbers shown indicate a tolerance of ±5%. 

NOTE 2. ZENER VOLTAGE <V Z ) AND IMPEDANCE (Z 2T & Z ZK ) 

Test conditions for zener voltage and impedance are as follows: l z is applied 40 ± 1 ms prior 
to reading. Mounting contacts are located 3/8" to 1 12" from the inside edge of mounting clips 
to the body of the diode. {T A - 25°C +8, -2"C). 

NOTE 3. SURGE CURRENT (l r ) 

Surge current is specified as the maximum allowable peak, non-recurrent square-wave cur- 
rent with a pulse width. PW, of 8.3 ms. The data given in Figure 6 may be used to find the 
maximum surge current for a square wave of any pulse width between 1 ms and 1 000 ms by 
plotting the applicable points on logarithmic paper. Examples of this, using the 3.3 V and 
200 V zeners, are shown in Figure 7. Mounting contact located as specified in Note 3. (T A - 
25°C +8, -2 e C.) 



NOTE 4. VOLTAGE REGULATION (AV Z ) 

Test conditions for voltage regulation are as follows: measurements are made at 1 0% and 
then at 50% of the max value listed In the electrical characteristics table. The test current 
time duration for each V z measurement is 40± 1 ms. (T^ - 25°C +8. -2°C). Mounting contact 
located as specified in Note 2. 

NOTE 5. MAXIMUM REGULATOR CURRENT (l ZM ) 

The maximum current shown is based on the maximum voltage of a 5% type unit, therefore, 
it applies only to the B-suffix device. The actual for any device may not exceed the value 
of 5 watts divided by the actual V z of the device. T L - 75°C at 3/8" maximum from the device 
body. 

NOTE 6. SPECIALS AVAILABLE INCLUDE: 

Nominal zener voltages between the voltages shown and tighter voltage tolerance such as 
±1 % and ±2%. Consult factory. 



TEMPERATURE COEFFICIENTS 




Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



1N5333B through 1N5388B 




0.1 0.5 
t, TIME (SECONDS) 

Figure 4. Typical Thermal 

L, Lead Length = 3/8 Inch 
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rHE CATHODE LEAD 
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0.2 0.4 0.6 0.8 

L, LEAD LENGTH TO HEAT SINK (INCH) 



Figure 5. Typical Thermal 




30 40 60 80 100 
NOMINAL V Z (V) 

Figure 6. Maximum Non-Repetitive Surge Cur 
versus Nominal Zener Voltage 
(See Note 3) 



200 
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1N5333B through 1N5388B 



1000 




30 40 50 
Vz, ZENER VOLTAGE (VOLTS) 

Figure 9. Zener Voltage versus Zener Current 
Vz = 11 thru 75 Volts 



0.1 



100 



120 140 160 180 
V Z , ZENER VOLTAGE (VOLTS) 



200 



220 



Figure 10. Zener Voltage versus Zener Current 
Vz = 82 thru 200 Volts 



APPLICATION NOTE 



Since the actual voltage available from a given zener diode 
is temperature dependent, it is necessary to determine junc- 
tion temperature under any set of operating conditions in order 
to calculate its value. The following procedure is recom- 
mended: 

Lead Temperature, T|_, should be determined from: 

TL = 6la P D + T A 

8|_a is the lead-to-ambient thermal resistance and Pq is the 
power dissipation. 

Junction Temperature, Tj, may be found from: 
Tj = T L + ATjl 

ATj|_ is the increase in junction temperature above the lead 
temperature and may be found from Figure 4 for a train of 
power pulses or from Figure 5 for dc power. 

ATjl = 6JL PD 



For worst-case design, using expected limits of lz, limits of 
Pq and the extremes of Tj (ATj) may be estimated. Changes 
in voltage, Vz, can then be found from: 
AV = eyz ATj 

9\/Z. the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 

Under high power-pulse operation, the zener voltage will 
vary with time and may also be affected significantly by the 
zener resistance. For best regulation, keep current excursions 
as low as possible. 

Data of Figure 4 should not be used to compute surge capa- 
bility. Surge limitations are given in Figure 6. They are lower 
than would be expected by considering only junction tempera- 
ture, as current crowding effects cause temperatures to be ex- 
tremely high in small spots resulting in device degradation 
should the limits of Figure 6 be exceeded. 
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Motorola TVS/Zener Device Data 



Zener Voltage Regulator Diodes — Axial Leaded 
5 Watt Surmetic 40 



JL 



l 




t 


K 

1 


i 



NOTE: 

1 . LEAD DIAMETER S FINISH NOT CONTROLLED 
WITHIN DIM F. 



DIM 


INC 


4ES 


MILLIMETERS 


MN 


MAX 


MN 


MAX 


A 


0.330 


0.360 


8.38 


8.89 


"I- 


0.130 


0.146 


3.30 


3.68 




"0.037 


0.043 


0.94 


1.09 


r 




0.060 




1.27 


K 


1.000 


1.250 


25.40 


31.75 



CASE 17-02 
PLASTIC 



(Refer to Section 10 for Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL 


4K 


Tape and Ammo 


TA 


2K 



(Refer to Section 1 for more information on Packaging Specifications.) 
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5 Watt Surmetic 40 Data Sheet 
6-43 




5 Watt Surmetic 40 Data Sheet 
6^4 



Motorola TVS/Zener Device Data 




Section Seven 



Zener Voltage 
Regulator Diodes — 
Surface Mounted 
Data Sheets 



225 mW (SOT-23) 

General Data 7-2 

BZX84C2V4LT1 through BZX84C75LT1 7-5 

MMBZ5221 BLT1 through MMBZ5270BLT1 7-6 

500 mW (SOD-123) 

General Data 7-8 

MMSZ5221 BT1 through MMSZ5270BT1 7-8 

MMSZ4678T1 through MMSZ4717T1 7-13 

MMSZ2V4T1 through MMSZ75T1 7-14 

3 Watt DC Power (SMB Flat Plastic with Modified 
L-Bend Leads) 

General Data 7-17 

1 SMB591 3BT3 through 1 SMB5956BT3 7-17 



Motorola TVS/Zener Device Data 



Zener Voltage Regulator Diodes — Surface Mounted Data Sheets 

7-1 



MOTOROLA 

SEMICONDUCTOR I 



TECHNICAL DATA 

225 mW SOT-23 

Zener Voltage Regulator Diodes 

GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

Zener Voltage 
Regulator Diodes 

Manufacturing Locations: 
WAFER FAB: Phoenix, Arizona 
ASSEMBLY: Seremban, Malaysia 
TEST: Seremban, Malaysia 

MAXIMUM CASE TEMPERATURE FOR SOLDERING 
PURPOSES: 260°C for 10 seconds 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Total Device Dissipation FR-5 Board,* 
T A - 25°C 
Derate above 25°C 


PD 


225 
1.8 


mW 

mW/°C 


Thermal Resistance Junction to Ambient 


Rbja 


556 


°CW 


Total Device Dissipation 
Alumina Substrate,** T A - 25°C 
Derate above 25°C 


pd 


300 
2.4 


mW 
mW/°C 


Thermal Resistance Junction to Ambient 


Rbja 


417 


°C/W 


Junction and Storage Temeprature 


Tj. T stq 


150 





GENERAL 
DATA 

225 mW 
SOT-23 



3 

Cathode 



— O 

1 

Anode 




CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 
PLASTIC 



•FR-5 - 1.0x0.75 X 0.62 in. 
"Alumina - 0.4 x 0.3 x 0.024 in. 99.5% alumina. 
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Motorola TVS/Zener Device Data 



GENERAL DATA — 225 mW SOT-23 



TYPICAL CHARACTERISTICS 



i 



s 
1 



1 1 1 

"" TYPICAL T C VALUES 
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! 4 5 6 7 6 9 10 11 12 
V Z , NOMINAL ZENER VOLTAGE (V) 

Figure 1. Temperature Coefficients 
(Temperature Range -55°C to +150°C) 



10 



TYPICAL Tc VALUES 
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100 



V Z , NOMINAL ZENER VOLTAGE (V) 

Figure 2. Temperature Coefficients 
(Temperature Range -55°C to +150°C) 




Vz, NOMINAL ZENER VOLTAGE 

Figure 3. Effect of Zener Voltage on 
Zener Impedance 



0.6 0.7 0.8 0.9 1.0 
Vf, FORWARD VOLTAGE (V) 

Figure 4. Typical Forward Voltage 
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GENERAL DATA — 225 mW SOT-23 

TYPICAL CHARACTERISTICS 





2 4 6 8 10 12 

V Z ,ZENER VOLTAGE (V) 

Figure 7. Zener Voltage versus Zener Current 
(V Z Up to 12 V) 



10 30 50 70 90 

V Z , ZENER VOLTAGE (V) 

Figure 8. Zener Voltage versus Zener Current 
(12 V to 91 V) 
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Motorola TVS/Zener Device Data 



BZX84C2V4LT1 through BZX84C75LT1 



ELECTRICAL CHARACTERISTICS (Plnout: 1-Anode, 2-NC, 3-Cathode) (V F = 0.9 V Max @ l F = 10 mA for all types) 







Zener voltage 

V Z1 (Volt.) 
@ l ZT1 > 5 mA 

(Nolo 1) 


Max Zener 
Impedance 

Z ZT1 
(Ohms) 


Max 
Reverse 

Leakage 

Current 


Zener Voltage 

V 22 (Volts) 
@ 'ZT2 ~ 1 mA 
(Note 1) 


Max Zener 
Impedance 

Z ZT2 
(Ohms) 

@IZT2 = 


Zener Voltage 

V z3 (Volta) 
@ l ZT3 - 20 mA 
(Hotel) 


Max Zener 
mpedance 

Z ZT3 
(Ohms) 


d v2 /dt 
(mV/k) 
@ l ZT1 = 5 mA 


CpF 
Max 


Type 
Number 


Marking 


Norn 


Mln 


Max 


@im = 

5 mA 


uA 


» v " 
Volts 


Mln 




Mln 


Max 


*if 'ZT3 ~ 
20 mA 


Mln 


Max 


@V R =0 
1 = 1 MHz 


Max 


1 mA 


BZX84C2V4LT1 


Z11 


2.4 


2.2 


2.6 


100 


50 




1.7 


2.1 


600 


2.6 


3.2 


50 


-3.5 





450 


BZX84C2V7LT1 


Z12 


2.7 


2.5 


2.9 


100 


20 


1 


1.9 


2.4 


600 


3 


3.6 


50 


-3.5 





450 


BZX84C3V0LT1 


Z13 


3 


2.8 


32 


95 


10 


1 


2.1 


2.7 


600 


3.3 


3.9 


50 


-3.5 





450 


BZX84C3V3LT1 


Z14 


3.3 


3.1 


3.5 


95 


5 


1 


2.3 


2.9 


800 


3.6 


42 


40 


-3.5 





450 


BZX84C3V6LT1 


Z15 


3.6 


3 4 


3.8 


90 


5 


1 


2.7 


3.3 


600 


3.9 


4.5 


40 


-3.5 





450 


BZX84C3V9LT1 


Z16 


3.9 


3.7 


4.1 


90 


3 


1 


2.9 


3.5 


600 


4.1 


4.7 


30 


-3.5 


-2.5 


450 


BZXS4C4V3LT1 


W9 


4.3 


4 


4.S 


90 


3 


, 


3.3 


4 


600 


4.4 


5.1 


30 


-3.5 





450 


BZX84C4V7LT1 


21 


41.7 


4.4 


5 


80 


S 


2 


5.7 


4.7 


500 


4.5 


5.4 


15 


-3.5 


OS 


280 


BZX94CSV1LT1 


22 


5.1 


4.8 


5.4 


50 


2 


2 


4.2 


5.3 


4M 


5 


5.5 


15 


-27 


12 


225 


BZXB4C5VSLT1 


23 


5.5 


5.2 


8 


40 


1 


2 


4.8 


5 


400 


5.2 


5.3 


10 


-2.0 


2.5 


200 


BZX84C6V2LT1 


24 


6.2 




6.6 


10 






5.8 


5.5 


150 


5.8 


88 




0.4 


3.7 


185 


5.8 


3 


4 


8 


BZXS4C6V8LT1 


Z5 


6.8 


6.4 


72 


15 


2 


4 


6.3 


7.2 


80 


6.4 


7.4 


6 


1.2 


4.5 


155 


BZX84C7V5LT1 


Z6 


7.5 


7 


7.9 


15 


1 


5 


6.9 


7.9 


80 


7 


8 


6 


2.5 


5.3 


140 


BZX84C8V2LT1 


Z7 


8.2 


7.7 


8.7 


15 


0.7 


5 


7.6 


8.7 


SO 


7.7 


8.8 


6 


3.2 


6.2 


135 


BZX84C9V1LT1 


Z8 


9.1 


8.5 


9.6 


1 16 


0.5 


6 


8.4 


9.6 


100 


6.5 


9.7 


8 


3.B 


7.0 


130 


BZX84C10LT1 


Z9 


10 


9.4 


10.6 


20 


0.2 


7 


9.3 


10.6 


150 


9.4 


10.7 


10 


4.5 


8.0 


130 


BZX84C11LT1 


Y1 


11 


10.4 


11.6 


20 


0.1 


6 


10.2 


11.6 


150 


10.4 


11.8 


10 


5.4 


9.0 


130 


B2X84C12LT1 


Y2 


12 


11.4 


12.7 


25 


0.1 


8 


112 


12.7 


160 


11.4 


12.9 




5.0 


10.0 




BZX84C13LT1 


Y3 


13 


12.4 


14.1 


30 


0.1 


8 


12.3 


14 


170 


12.5 


14.2 


15 


7.0 


11.0 


120 


BZX84C15LT1 


Y4 


15 


13.8 


15.6 


30 


0.05 


10.5 


13.7 


15.5 


200 


13.9 


15.7 


20 


9.2 


13.0 


110 


BZX84C16LT1 


Y5 


16 


15.3 


17.1 


40 


0.05 


11.2 


15.2 


17 


200 


15.4 


17.2 


20 


10.4 


14.0 


105 


BZX84C18LT1 


Yd 


11 


15.8 


JRt 


45 


0.05 


12.5 


16.7 


It 


225 


18.9 


13.2 


20 


12.4 


15.0 


100 


BZX84C20LT1 


Y7 


20 


18.6 


21 2 


55 


0.05 


14 


18.7 


21.1 


225 


18.9 


21.4 


20 


14.4 


18.0 


85 


BZX84C22LT1 


Y8 


22 


20.8 


23.3 


55 






20.7 


232 


250 


20.9 


23.4 


25 


16.4 


20.0 


85 


B2X84C24LT1 


Y9 


24 


22.8 


25.6 


70 


0.05 


16.8 


22.7 


25.5 


250 


22.9 


25.7 


25 


18.4 


22.0 


80 






V Z1 Bolow 
'ZT1 = 2 mA 


B<ZT1 
•'ZT1 ■ 

2 mA 






v 22 Below 

<§> I2T2 = 0.1 mA 


Z ZT2 

iff i 2 T4 - 
0.6 mA 
(Note 2) 


v z3 Below 
@ l 2 T3 s 10 mA 


B V 3 

® IZT3 " 
10mA 


d vz /dt 
(mV/k) Below 
@ t 2 T 1 = 2 m A 




BZX84C27LT1 


Y10 


27 


25.1 


28.9 


80 


0.05 


18.9 


25 


26.9 


300 


252 


29.3 


45 


21.4 


25.3 


70 


BZX84C30LT1 


Y11 


30 


28 


32 


80 


0.05 


21 


27.8 


32 


300 


28.1 


32.4 


50 


24.4 


29.4 


70 


BZX64C33LT1 


YI2 


33 


31 


35 


SO 


0.05 


23.1 


30.8 


35 


325 


31.1 


35.4 


55 


27.4 


33.4 


70 


BZX84C36LT1 


Y13 


36 


34 


38 


90 


0.05 


25.2 


33.8 


38 


360 


34.1 


38.4 


60 


30.4 


37.4 


70 


BZX84C39LT1 


Y14 


39 


37 


41 


130 


0.05 


27.3 


36.7 


41 


350 


37.1 


41.5 


70 


33.4 


41.2 


45 


B2X84C43LT1 


Y15 


43 


40 


46 


150 


0.05 


30.1 


39.7 


46 


375 


40.1 


48.5 


80 


37.6 


46.6 


40 


BZX84C47LT1 


Y16 


47 


44 


50 


170 


0.05 


32.9 


43.7 


50 


375 


44.1 


50.5 


90 


42.0 


51.8 


40 


B2X84C51LT1 


Y17 


51 


48 


54 


180 


0.05 


35.7 


47.6 


54 


400 


48.1 


54.6 


100 


46.6 


S72 


40 


BZX84C56LT1 


Y18 


56 


52 


60 


200 


0.05 


39.2 


51.5 


60 


425 


52.1 


60.8 
67 


110 


52.2 


63.8 


40 


BZX84C62LT1 


Y19 


62 


58 


66 


215 


0.05 


43.4 


57.4 


66 


460 


58.2 


120 


58.8 


71.6 


35 


BZX84C68LT1 


Y20 


68 


64 


72 


240 


0.05 


47.6 


63.4 


72 


475 


64.2 


73.2 


130 


65.6 


79.8 


35 


BZX84C75LT1 


Y21 


75 


70 


79 


255 


0.05 


52.5 


69.4 


79 


500 


70.3 


60.2 


140 


73.4 


88.6 


35 



NOTES: 1 . Zener voltage is measured with a pulse test current (l z ) applied at an ambient temperature of 25°C . 

2. The zener impedance. z m . lor me 27 through 75 volt types is tested al 0.5 mA rather than the test cunent ol 0.1 mA used lor Vq. 



Devices listed in bold, italic are Motorola preferred devices. 
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MMBZ5221 BLT1 through MMBZ5270BLT1 



ELECTRICAL CHARACTERISTICS (Plnout: 1-Anode, 2-NC, 3-Cathode) (V F = 0.9 V Max @ l F = 10 mA for all types.) 









Zerter 














Test 


Voltage 




Z ZT 










Current 


\/_ f . BO/ 1 

V2 £5%) 




■Z - 'ZT 


Max 








■rr 


Mnmlnal 

nominal 


It - 25 mA 


fa) 1 0% Mod 


Id ( 
■R 


s Vd 


Device 


Marking 


mA 


(Note 1) 


a Max 


Q Max 


|iA 


V 


MMbiO^l bLI l 


1 OA 
1 OA 


on 




ionn 


o.n 
ou 


100 




dAMP 7COOOQI T1 

MMdlO^<:dLI 1 


18B 


on 

cU 


O R 


la_OU 


30 


1 go 




UMD7ROOQDI T1 
MMbZ.O^ODLi 1 


1 8C 


on 


O 7 
C*# 


1 inn 

1 oUU 


30 


75 






1 ou 


on 


O ft 


14UU 


30 


75 




MMBZ5225BLT1 


18E 


20 


3 


1600 


29 


50 


1 




MMbZ.O^ObL.1 1 


OA 


on 


Q Q 

J.«J 


1 OUU 


28 


25 




MmOLDZZ / bLI I 


QD 
Ob 


on 

SOU 


o.o 


i7nn 
1 / uu 


24 


15 




tit 1D7KOOODI T1 


oo 


on 




ionn 
i yuu 


23 


10 






on 
OU 


on 


4.t3 


onnn 

*-UUU 


22 




y 


MMR7*i?^fjRIT1 


8E 


20 


4.7 


1900 


19 




2 


MMBZ523lBLTl 


8F 


20 


5. 7* 


7600 


f7 


o 


2 


MMBZ5232BLT1 


8Q 


20 


5.0 


1600 


ft 


5 


*j 
J 


MMBZ5233BLT1 


8H 


20 


6 


1600 


7 


5 


3.5 


MMBZ5234BLT1 


8J 


20 


8.2 


1000 


7 


5 


4 




8K 


20 


6 8 


750 


5 


3 


5 


MMBZ5236BLT1 


8L 


20 


7.5 


500 


6 


3 


6 


MMBZ5237BLT1 


6M 


20 


8.2 


500 


8 


3 


6.5 


MMBZ5238BLT1 


8N 


20 


8.7 


600 


8 


3 


6.5 


MMBZ5239BLT1 


8P 


20 


9.1 


600 


10 


3 


7 






20 


10 


500 


1*7 




£ 


t *t ID7rill .nin 

MMBZ5241BLT1 


8R 


20 


11 


600 


22 


2 


8.4 


MMBZ5242BLT1 


8S 


20 


12 


500 


30 


f 


9.7 


MMBZ5243BLT1 


8T 


9.5 


13 


600 


13 


0.5 


9.9 


MMBZ5244BL1 1 


8U 


9 


14 


600 


15 


0.1 


10 


MMBZS24SBLT1 


8V 


&5 


18 


500 


16 


0.1 


11 


MMbZ.O240b._l 1 


8W 


7.8 


10 


600 


1 7 


0.1 


12 


MMb£.o24rbL.I 1 


8X 


7.4 


17 


600 


19 


0.1 


1 3 


MMBZS246BLT1 


ay 


7 


18 


500 


27 


0.1 


14 


KAh AQ 7KO/1 QD I T1 


Q7 


6.6 


19 


600 


23 


0.1 


1 4 


MMBZ5250BLT1 


81 A 


6.2 


20 


600 


25 


0.1 


15 


MMbZ.D201 bLI I 


81 B 


5.6 


22 


600 


29 


0.1 


17 


L1IID7EOCODI T1 

Iv1MdZo2o2dLI 1 


81 C 


5.2 


24 


600 


33 


0.1 


18 


MMbZo2oobL.. 1 


81 D 


5 


25 


600 


35 


0.1 


19 


MMSZ52o4BLT) 


81B 


4.5 


27 


500 


41 


0.1 


21 


(vllVID£_^>*L,J,JDI_ I I 


81 F 


4.5 


28 


600 


44 


0.1 


21 


MMbZo20ObM l 


81 G 


4.2 


30 


600 


49 


0.1 


23 


MMBZ5257BLT1 


81N 


3.8 


33 


700 


58 


0.1 


25 


MMBZ5258BLT1 


81 J 


3.4 


36 


700 


70 


0.1 


27 


MMBZ5259BLT1 


81 K 


3.2 


39 


800 


80 


0.1 


30 


MMBZ5260BLT1 


18F 


3 


43 


900 


93 


0.1 


33 


MMBZ5261BLT1 


81M 


2.7 


47 


1000 


105 


0.1 


36 


MMBZ5262BLT1 


81N 


2.5 


51 


1100 


125 


0.1 


39 


MMBZ5263BLT1 


81 P 


22 


56 


1300 


150 


0.1 


43 


MMBZ5264BLT1 


81 Q 


2.1 


60 


1400 


170 


0.1 


46 


MMBZ5265BLT1 


81 R 


2 


62 


1400 


185 


0.1 


47 


MMBZ5266BLT1 


81 S 


1.8 


68 


1600 


230 


0.1 


52 


MMBZ5267BLT1 


81 T 


1.7 


75 


1700 


270 


0.1 


56 


MMBZ5268BLT1 


81 U 


1.5 


82 


2000 


330 


0.1 


62 


MMBZ5269BLT1 


81V 


1.4 


87 


2200 


370 


0.1 


68 


MMBZ5270BLT1 


81W 


1.4 


91 


2300 


400 


0.1 


69 



NOTE 1 . Zener voltage is measured with a pulse lest current (l^) applied at an ambient temperature o( 25-C. 



Devices listed in bold, italic are Motorola preferred devices. 
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Zener Voltage Regulator Diodes — Surface Mounted 



225 mW SOT-23 







NOTES: 

t. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.SM, 1982. 

2, CONTROLLING DIMENSION: INCH. 

3. MAXIMUM LEAD THICKNESS INCLUDES 
LEAD FINISH THICKNESS. MINIMUM LEAD 
THICKNESS IS THE MINIMUM THICKNESS 
Of BASE MATERIAL 



-i L 










k t 




2 


B S 

1 1 




r * 







DIM 


IK 

MM 


m. 




PTFrTI 


A 


0.1102 


0.1197 


2.80 


3.04 


B 


0.0472 


0.0551 


1.20 


1.40 


C 


0.035O 


0.0440 


0.89 


1.11 


o ■ 


0.0150 


0.0200 


1.37 


0.S0 


4 


0.0701 




01 


2.04 


H 


0.0005 


0.0040 


0.013 


ITiW 


J 


C.0O34 


0.JWO 


6.085 


8.W 


K 


0.0190 


0.O236 


0.45 


6.60 


L 




0.0401 


0.89 


1.02 


s 


00830 


"OTP 


2.10 


US' 


V 


"WW 


tm 







0.037 
TT9T 



STYLE 8: 

PIN1. ANODE 

2. NOCONNECTION 

3. CATHODE 



0.035 



0.037 
"DIB" 



0.079 



0.031 



( inchas N 
mm / 



SOT-23 Footprint 



CASE 318-07 
PLASTIC 



(Refer to Section 1 for Surface Mount, Thermal Data and 


Footprint Informer 


on.) 




MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 








Package Option 


Type No. Suffix 


MPQ (Units) 






Tape and Reel 


T1 


3K 






Tape and Ammo 


T3 


10K 






(Refer to Section 1 for more information on Packaging Specifications.) 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Designer's™ Data Sheet 

Surface Mount Silicon Zener Diodes 

Plastic SOD123 Package 

Three complete series of Zener Diodes are offered in the convenient, surface mount 
plastic SOD-1 23 package. These devices provide a convenient alternative to the leadless 
34 package style. 

• 500 mW Rating on FR-4 or FR-5 Board 

• Package Designed for Optimal Automated Board Assembly 

• Corrosion Resistant Finish, Easily Solderable 

• ESD Rating of Class 3 (exceeding 1 6 kV) per the Human Body Model 

• Small Package Size for High Density Applications 

• Available in 8 mm Tape and Reel 

Add "T1" to the device number to order the 7 inch/3000 unit reel. 
Add T3" to the device number to order the 1 3 inch/ 1 0,000 unit reel. 

• Wafer Fab Location: Phoenix, Arizona 
Assembly/Test Location: Seremban, Malaysia 



MMSZ5221 BT1 - 
MMSZ5270BT1* 
MMSZ4678T1 - 
MMSZ4717T1 
MMSZ2V4T1 - 
MMSZ75T1 



PLASTIC SURFACE 
MOUNT 
ZENER DIODES 
500 MILLIWATTS 
1.8-91 VOLTS 



MMSZ5221BT1 thru MMSZ5270BT1 

• General Purpose, Medium Current 

• Wide Voltage Range — 2.4 to 91 Volts 



1: CATHODE 
2: ANODE 



MMSZ4678T1 thru MMSZ4717T1 

• Low Operating Currents, Low Leakage, Sharp Breakdown Characteristics 

• Wide Voltage Range — 1 .8 to 43 Volts 



MMSZ2V4T1 thru MMSZ75T1 

• Specified Similar to European BZV55C Series 

• Wide Voltage Range — 2.4 to 75 Volts 



CASE 425, STYLE 1 
PLASTIC 



DEVICE RATING (Ta = 25°C unless otherwise noted) 



Rating 


Symbol 


Value 


Unit 


Power Dissipation on FR-4 or FR-5 Board t 1 l 
Derate above T|_ - 75°C 


PD 


500 

6.7 


mW 

mwrc 


Thermal Resistance Junction to Lead PI 
Thermal Resistance Junction to Ambient PI 


ReJL 
Rbja 


150 
340 


°C/W 


Junction Temperature Range 


Tj 


-55 to +150 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


Lead Solder Temperature - Maximum (1 sec. duration) 




260 


°C 



1 1 FR-4 or FR-5 - 3.5 x 1 .5 inches, using the Motorola minimum recommended footprint as shown in Figure 1 1 . 
H Thermal Resistance measurement obtained via Infrared Scan Method 

Designer's Data for "Worst Cass" Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented. Limit curves — representing 
boundaries on device characteristics — are given to facilitate "worst case" design. 

Designer's is a trademark of Motorola. Inc. 

Thermal Clad is a trademark of the Bergquist Company. 



Preferred devices are Motorola recommended choices for future use and best overall value. 
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MMSZ5221BT1, MMSZ4678T1, MMSZ2V4T1 Series 

TYPICAL CHARACTERISTICS 






Motorola TVS/Zener Device Data 
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MMSZ5221BT1, MMSZ4678T1, MMSZ2V4T1 Series 



TYPICAL CHARACTERISTICS 




V Z , ZENER VOLTAGE (V) V Z , ZENER VOLTAGE (V) 

Figure 9. Zener Voltage versus Zener Current Figure 10. Zener Voltage versus Zener Current 

(Vz Up to 12 V) (12 V to 91V) 
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MMSZ5221BT1 through MMSZ5270BT1 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted Ml), (Vp - 0.9 V Max. @ l F = 10 mA for all types) 







Zener Voltage 
V z @lzr 
Volts 
[1] P] 








max nevsrse 








Test 
Current 
IZT 

mA 


Max Zener 
Impedance PI 


Leakage 
Current 
Ir@Vr 

uA 


Test 
Voltage 
Vr 

Volts 


Type 
Number 


Marking 


Norn 


Mln 


Max 


ZZT 
@ "Z = 'ZT 

n 


ZZK 
@ Izk = 0-25 mA 

£1 


MMSZ5221BT1 


C1 


2.4 


2.28 


2.52 


20 


30 


1200 


100 


1 


MMSZS222BT1 


C2 


2.5 


2.38 


2.63 


20 


30 


1250 


100 


1 


MMSZ5223BT1 


C3 


2.7 


2.57 


2.84 


20 


30 


1300 


75 


1 


MMSZ5224BT1 


C4 


2.8 


2.66 


2.94 


20 


30 


1400 


75 


1 


MMSZS225BT1 


C5 


3.0 


2.85 


3.15 


20 


30 


1600 


50 


1 


MMSZ5226BT1 


D1 


3.3 


3.14 


3.47 


20 


28 


1600 


25 


1 


MMSZ5227BT1 


D2 


3.6 


3.42 


3.78 


20 


24 


1700 


15 


1 


MMSZ5228BT1 


D3 


3.9 


3.71 


4.10 


20 


23 


1900 


10 


1 


MMSZS229BT1 


D4 


4.3 


4.09 


4.52 


20 


22 


2000 


5 


1 


MMSZ5230BT1 


D5 


4.7 


4.47 


4.94 


20 


19 


1900 


5 


2 


MMSZS231BT1 


E1 


5.1 


4.85 


5.36 


20 


17 


1600 


5 


2 


MMSZS232BT1 


E2 


5.6 


5.32 


5.88 


20 


11 


1600 


5 


3 


MMSZ5233BT1 


E3 


6.0 


5.70 


6.30 


20 


7 


1600 


5 


3.5 


MMSZ5234BT1 


E4 


6.2 


5.89 


6.51 


20 


7 


1000 


5 


4 


MMSZ5235BT1 


E5 


6.8 


6.46 


7.14 


20 


5 


750 


3 


5 


MMSZ5236BT1 


F1 


7.5 


7.13 


7.88 


20 


6 


500 


3 


6 


MMSZ5237BT1 


F2 


8.2 


7.79 


8.61 


20 


8 


500 


3 


6.5 


MMSZ5238BT1 


F3 


8.7 


8.27 


9.14 


20 


8 


600 


3 


6.5 


MMSZ5239BT1 


F4 


9.1 


8.65 


9.56 


20 


10 


600 


3 


7 


MMSZ5240BT1 


F5 


10 


9.50 


10.50 


20 


17 


600 


3 


8 


MMSZ5241BT1 


H1 


11 


10.45 


11.55 


20 


22 


600 


2 


8.4 


MMSZ5242BT1 


H2 


12 


11.40 


12.60 


20 


30 


600 


1 


9.1 


MMSZ5243BT1 


H3 


13 


12.35 


13.65 


9.5 


13 


600 


0.5 


9.9 


MMSZ5244BT1 


H4 


14 


13.30 


14.70 


9.0 


15 


600 


0.1 


10 


MMSZS24SBT1 


H5 


15 


14.25 


15.75 


8.5 


16 


600 


0.1 


11 


MMSZ5246BT1 


J1 


16 


15.20 


16.80 


7.8 


17 


600 


0.1 


12 


MMSZ5247BT1 


J2 


17 


16.15 


17.85 


7.4 


19 


600 


0.1 


13 


MMSZ5248BT1 


J3 


18 


17.10 


18.90 


7.0 


21 


600 


0.1 


14 


MMSZ5249BT1 


J4 


19 


18.05 


19.95 


6.6 


23 


600 


0.1 


14 


MMSZ5250BT1 


J5 


20 


19.00 


21.00 


6.2 


25 


600 


0.1 


15 


MMSZ5251BT1 


K1 


22 


20.90 


23.10 


5.6 


29 


600 


0.1 


17 


MMSZ5252BT1 


K2 


24 


22.80 


25.20 


5.2 


33 


600 


0.1 


18 


MMSZ5253BT1 


K3 


25 


23.75 


26.25 


5.0 


35 


600 


0.1 


19 


MMSZ5254BT1 


K4 


27 


25.65 


28.35 


4.6 


41 


600 


0.1 


21 


MMSZ5255BT1 


K5 


28 


26.60 


29.40 


4.5 


44 


600 


0.1 


21 



l 1 l Nominal zener voltage is measured with the device junction in thermal equilibrium at T(_- 30°C± 1°C. 
I 2 l All part numbers shown indicate a V^ tolerance of ±5%. 

I 3 ) Z^-r and Zz« are measured by dividing the AC voltage drop across the device Dy the AC current applied. The specified limits are tor Iz(aC) ■ °- 1 !z(DC}. wi,h ,he AC frequency - 1 kHz. 



Devices listed in bold, italic are Motorola preferred devices. 
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MMSZ5221 BT1 through MMSZ5270BT1 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted [1 1), (V F = 0.9 V Max. @ l F = 1 mA tor all types) 







Zener Voltage 








Max Reverse 








Vz@Izt 
Volts 


Teat 


Max Zener 


Leakage 










[1] [2] 




Current 


Impedance [3] 


Current 


Test 










IZT 






lR@V R 


Voltage 




























*-L 1 






VR 


Type 












@ 17 = I7T 


@ Izk - 0-25 mA 






Number 


Marking 


Nom 


Mln 


Max 


mA 


Q 


a 


mA 


Volts 


MMSZ5256BT1 


M1 


30 


28.50 


31.50 


4.2 


49 


600 


0.1 


23 


MMSZ5257BT1 


M2 


33 


31.35 


34.65 


3.8 


58 


700 


0.1 


25 


MMSZ5258BT1 


M3 


36 


34.20 


37.80 


3.4 


70 


700 


0.1 


27 


MMSZ5259BT1 


M4 


39 


37.05 


40.95 


3.2 


80 


800 


0.1 


30 


MMSZ5260BT1 


M5 


43 


40.85 


45.15 


3.0 


93 


900 


0.1 


33 


MMSZ5261BT1 


N1 


47 


44.65 


49.35 


2.7 


105 


1000 


0.1 


36 


MMSZ5262BT1 


N2 


51 


48.45 


53.55 


2.5 


125 


1100 


0.1 


39 


MMSZ5263BT1 


N3 


56 


53.20 


58.80 


2.2 


150 


1300 


0.1 


43 


MMSZ5264BT1 


N4 


60 


57.00 


63.00 


2.1 


170 


1400 


0.1 


46 


MMSZ5265BT1 


N5 


62 


58.90 


65.10 


2.0 


185 


1400 


0.1 


47 


MMSZ5266BT1 


P1 


68 


64.60 


71.40 


1.8 


230 


1600 


0.1 


52 


MMSZ5267BT1 


P2 


75 


71.25 


78.75 


1.7 


270 


1700 


0.1 


56 


MMSZ5268BT1 


P3 


82 


77.90 


86.10 


1.5 


330 


2000 


0.1 


62 


MMSZ5269BT1 


P4 


87 


82.65 


91.35 


1.4 


370 


2200 


0.1 


68 


MMSZ5270BT1 


P5 


91 


86.45 


95.55 


1.4 


400 


2300 


0.1 


69 



1 ) Nominal zener voltage is measured with the device junction in thermal equilibrium at T L - 30*C 1 1*C. 
I 2 ' All part numbers shown Indicate a V z tolerance of ±6%. 

l 3 l Zjj and Z^k are measured by dividing the AC vottage drop across the device by the AC current applied. The specified limits are tor Iz(aC) ■ °- 1 'z(DC)- the AC frequency - 1 kHi. 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



MMSZ4678T1 through MMSZ4717T1 



ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted [1], (V F . 0.9 V Max. @ l F - 10 mA tor all types) 



Type 
Number 




Zener Voltage 
V Z @ l ZT = 50 uA 
Volts 
[1] [2] 


Max Reverse 
Leakage 
Current 
Ir@Vr 
HA 


Test 
Voltage 
Vr 


Marking 


Nom 


Mln 


Max 


Volts 


MMSZ4678T1 


CC 


1.8 


1.71 


1.89 


7.5 


1 


MMSZ4679T1 


CD 


2.0 


1.90 


2.10 


5 


1 


MMSZ4680T1 


CE 


2.2 


2.09 


2.31 


4 


1 


MMSZ4681T1 


CF 


2.4 


2.28 


2.52 


2 


1 


MMSZ4682T1 


CH 


2.7 


2.57 


2.84 


1 


1 


MMSZ4683T1 


CJ 


3.0 


2.85 


3.15 


0.8 


1 


MMSZ4684T1 


CK 


3.3 


3.14 


3.47 


7.5 


1.5 


MMSZ468ST1 


CM 


3.6 


3.42 


3.78 


7.5 


2 


MMSZ4686T1 


CN 


3.9 


3.71 


4.10 


5 


2 


MMSZ4687T1 


CP 


4.3 


4.09 


4.52 


4 


2 


MMSZ4688T1 


CT 


4.7 


4.47 


4.94 


10 


3 


MMSZ4689T1 


CU 


5.1 


4.85 


5.36 


10 


3 


MMSZ4690T1 


CV 


5.6 


5.32 


5.88 


10 


4 


MMSZ4691T1 


CA 


6.2 


5.89 


6.51 


10 


5 


MMSZ4692T1 


CX 


R ft 
0.0 


R AR 
0.40 


7 u 

i .it 


10 


5.1 


MMSZ4693T1 


CY 


7.5 


7.13 


7.88 


10 


5.7 


MMSZ4694T1 


CZ 


8.2 


7.79 


8.61 


1 


6.2 


MMSZ4695T1 


DC 


8.7 


8.27 


9.14 


1 


6.6 


MMSZ4696T1 


DD 


9.1 


8.65 


9.56 


1 


6.9 


MMSZ4697T1 


DE 


10 


9.50 


10.50 


1 


7.6 


MMSZ4698T1 


DF 


11 


10.45 


11.55 


0.05 


8.4 


MMSZ4699T1 


DH 


12 


11.40 


12.60 


0.05 


9.1 


MMSZ4700T1 


DJ 


13 


12.35 


13.65 


0.05 


9.8 


MMSZ4701T1 


DK 


14 


13.30 


14.70 


0.05 


10.6 


MMSZ4702T1 


DM 


15 


14.25 


15.75 


0.05 


11.4 


MMSZ4703T1 


DN 


16 


15.20 


16.80 


0.05 


12.1 


MMSZ4704T1 


DP 


17 


16.15 


17.85 


0.05 


12.9 


MMSZ4705T1 


DT 


18 


17.10 


18.90 


0.05 


13.6 


MMSZ4706T1 


DU 


19 


18.05 


19.95 


0.05 


14.4 


MMSZ4707T1 


DV 


20 


19.00 


21.00 


0.01 


15.2 


MMSZ4708T1 


DA 


22 


20.90 


23.10 


0.01 


16.7 


MMSZ4709T1 


DZ 


24 


22.80 


25.20 


0.01 


18.2 


MMSZ4710T1 


DY 


25 


23.75 


26.25 


0.01 


19.00 


MMSZ4711T1 


EA 


27 


25.65 


28.35 


0.01 


20.4 


MMSZ4712T1 


EC 


28 


26.60 


29.40 


0.01 


21.2 


MMSZ4713T1 


ED 


30 


28.50 


31.50 


0.01 


22.8 


MMSZ4714T1 


EE 


33 


31.35 


34.65 


0.01 


25.0 


MMSZ4715T1 


EF 


36 


34.20 


37.80 


0.01 


27.3 


MMSZ4716T1 


EH 


39 


37.05 


40.95 


0.01 


29.6 


MMSZ4717T1 


EJ 


43 


40.85 


45.15 


0.01 


32.6 



l 1 l Nominal zener voltage Is measured with the device junction In thermal equilibrium at T L - 30 D C ± 1°C. 
E 2 l All part numbers shown indicate a V z tolerance of ± 5% 



Devices listed in bold, italic are Motorola preferred devices. 
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MMSZ2V4T1 through MMSZ75T1 



ELECTRICAL CHARACTERISTICS (T A « 25°C unless otherwise noted), (V F - 0.9 V Max, @ l F = 1 mA for all types) 







Zener Voltage 

V Z1 (Volte) 
@ >ZT1 = 5 mA 
[1112] 


Max Zener 
Impedance 
*ZT1 

[3] 

Q 


Max 
Reverse 
Leakage 
Current 


Zener Voltage 

Vz2 (Volts) 
@ 'ZT2 = 1 m * 
[1] 


Max Zener 
Impedance 

^ZT2 
@ I7T1 = 1 mA 
[3] 

Q 


Type 
Number 


Marking 


Nom 


Mln 


Max 


lo 

|iA 


§> Vr 
Volts 


Min 


Max 


MMSZ2V4T1 


T1 


2.4 


2.28 


2.52 


100 


50 


1 


1.7 


2.1 


«nn 
OUU 


MM^79\/7T1 


T2 


2.7 


2.57 


2.84 


100 


20 


1 


1.9 


2.4 


600 


MM^7**V/flTi 

MIVlOLOVU 1 1 


T3 


3.0 


2.85 


3.15 


95 


1 


1 


£.1 




600 


IVltVlOt.OVO 1 1 


T4 


3.3 


3.14 


3.47 


95 


5 


1 




O Q 


600 




T5 


3.6 


3.42 


3.78 


90 


c 
O 


i 


O 7 


3 3 


600 


MMSZ3V9T1 


U1 


3.9 


3.71 


4.10 


90 


3 


1 


2.9 


3.5 


600 


MfcdC7.iU/QT1 
MIVIOA.*rV»3 1 1 


1 19 
UK 


4.3 


4.09 


4.52 


on 


3 


1 


3.3 


4.0 


600 


MMC7M/7T1 


uo 


4.7 


4.47 


4.94 


An 


3 


2 


3.7 


4.7 


500 




U4 


5.1 


4.85 


5.36 


60 


o 
e. 


o 




o.o 


480 


MMM9rv' f 


U5 


R ft 
0.0 




R flfl 


40 


4 


2 


4 8 


6 


400 


MMSZ6V2T1 


V1 


6.2 


5.89 


6.51 


10 


3 


4 


5.6 


6.6 


150 


MM^7R\/RT1 


Vfc 


6.8 


6.46 


7.14 


15 


2 


4 


6.3 


7.2 


80 


MM^77VRT1 

MIVIO«C 1 VOI 1 


V3 


7.5 


7.13 


7.88 


15 


1 


5 


6.9 


7.9 


80 




V4 


8.2 


7.79 


8.61 


15 


0.7 


5 


7.6 


8.7 


80 


IVI ivi O*-*? V 1 1 | 


V5 


9.1 


8.65 


9.56 


15 


0.5 


6 


8.4 


9.6 


100 


MMSZ10T1 


A1 


10 


9.50 


10.50 


20 


0.2 


7 


9.3 


10.6 


150 


MMSZ11T1 


A2 


11 


10.45 


11.55 


20 


0.1 


8 


105 


11.6 


150 


MMSZ12T1 


A3 


12 


11.40 


12.60 


25 


0.1 


8 


11.2 


12.7 


150 


MMSZ13T1 


A4 


13 


12.35 


13.65 


30 


0.1 


8 


12.3 


14.0 


170 


MMSZ15T1 


A5 


15 


14.25 


15.75 


30 


0.05 


10.5 


13.7 


15.5 


200 


MMSZ16T1 


X1 


16 


15.20 


16.80 


40 


0.05 


11.2 


15.2 


17.0 


200 


MMSZWT1 


X2 


18 


17.10 


18.90 


45 


0.05 


12.6 


16.7 


19.0 


225 


MMSZ20T1 


X3 


20 


19.00 


21.00 


55 


0.05 


14 


18.7 


21.1 


225 


MMSZ22T1 


X4 


22 


20.80 


23.10 


55 


0.05 


15.4 


20.7 


23.2 


250 


MMSZ24T1 


X5 


24 


22.80 


25.20 


70 


0.05 


16.8 


22.7 


25.5 


250 







Zener Voltage 

V Z1 (Volte) 
@ Izti = 2 mA 
[1)[21 


Max Zener 
Impedance 
ZZT1 
@ lzT1 = 2 mA 
[31 
□ 


Max 
Reverse 
Leakage 
Current 


Zener Voltage 

V Z2 (Volte) 
@ l Z T2 = 0.1 mA 
[1] 


Max Zener 
Impedance 

ZZT2 
@!ZT1 = 0.5 mA 

[3][4] 

n 


Type 
Number 


Marking 


Nom 


Mln 


Max 


IR < 
M* 


9 Vr 
Volts 


Mln 


Max 


MMSZ27T1 


Y1 


27 


25.65 


28.35 


80 


0.05 


18.9 


25 


28.9 


300 


MMSZ30T1 


Y2 


30 


28.50 


31.50 


80 


0.05 


21 


27.8 


32 


300 


MMSZ33T1 


Y3 


33 


31.35 


34.65 


80 


0.05 


23.1 


30.8 


35 


325 


MMSZ36T1 


Y4 


36 


34.20 


37.80 


90 


0.05 


25.2 


33.8 


38 


350 


MMSZ39T1 


Y5 


39 


37.05 


40.95 


130 


0.05 


27.3 


36.7 


41 


350 


MMSZ43T1 


Z1 


43 


40.85 


45.15 


150 


0.05 


30.1 


39.7 


46 


375 


MMSZ47T1 


Z2 


47 


44.65 


49.35 


170 


0.05 


32.9 


43.7 


50 


375 


MMSZ51T1 


Z3 


51 


48.45 


53.55 


180 


0.05 


35.7 


47.6 


54 


400 


MMSZ56T1 


Z4 


56 


53.20 


58.80 


200 


0.05 


39.2 


51.5 


60 


425 


MMSZ62T1 


Z5 


62 


58.90 


65.10 


215 


0.05 


43.4 


57.4 


66 


450 


MMSZ68T1 


Z6 


68 


64.60 


71.40 


240 


0.05 


47.6 


63.4 


72 


475 


MMSZ75T1 


Z7 


75 


71.25 


78.75 


255 


0.05 


52.5 


69.4 


79 


500 



'I Zener voltage is measured with the zener current applied for PW - 1 .0 ms. 
I 2 I All part numbers shown indicate a tolerance of ±5%. 

I 3 1 Zzti and Z2T2 ere measured by dividing the AC voltage drop across the device by the AC current applied. The specified limits ere for Iz(aq ■ 0A 'z(DC) 
with the AC frequency - 1 kHz. 

M The zener Impedance, Z^, for the 27 through 75 volt types Is tested at 0.5 mA rather than the test current of 0.1 mA used for W^- 



Devices listed in bold, italic are Motorola preferred devices. 
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Motorola TVS/Zener Device Data 



MMSZ5221BT1, MMSZ4678T1, MMSZ2V4T1 SERIES 



INFORMATION FOR USING THE SOD-123 SURFACE MOUNT PACKAGE 



MINIMUM RECOMMENDED FOOTPRINTS FOR 
SURFACE MOUNT APPLICATIONS 

Surface mount board layout is a critical portion of the total 
design. The footprint for the semiconductor packages must be 
the correct size to ensure proper solder connection interface 
between the board and the package. 

The minimum recommended footprint for the SOD-123 is 
shown at the right. 

The SOD-123 package can be used on existing surface 
mount boards which have been designed for the leadless 34 
package style. The footprint compatibility makes conversion 
from leadless 34 to SOD-123 straightforward. 



J ML L 

I 0.036 r 



T 



1. 22 
0.048 



0.093 
4.19 
0.16 



mm 
inches 



Figure 11. Minimum Recommended Footprint 



SOD-123 POWER DISSIPATION 



The power dissipation of the SOD-123 is a function of the 
pad size. This can vary from the minimum pad size for 
soldering to a pad size given for maximum power dissipation. 
Power dissipation for a surface mount device is determined by 
Tj(max). tne maximum rated junction temperature of the die, 
P16JA. the thermal resistance from the device junction to 
ambient; and the operating temperature, T/\. Using the values 
provided on the data sheet for the SOD-1 23 package, Pd can 
be calculated as follows: 



ratings table on the data sheet. Substituting these values into 
the equation for an ambient temperature Ta of 25°C, one can 
calculate the power dissipation of the device which in this case 
is 0.37 watts. 



PD = 



150°C-25°C 
340°C/W 



= 0.37 watts 



PD = 



Tj(max) ~ Ta 
R9JA 



The values for the equation are found in the maximum 



The 340°C/W for the SOD-123 package assumes using 
recommended footprint shown on FR-4 glass epoxy printed 
circuit board. Another alternative is to use a ceramic substrate 
or an aluminum core board such as Thermal Clad™. By using 
an aluminum core board material such as Thermal Clad, the 
power dissipation can be doubled using the same footprint. 



GENERAL SOLDERING PRECAUTIONS 



The melting temperature of solder is higher than the rated 
temperature of the device. When the entire device is heated 
to a high temperature, failure to complete soldering within a 
short time could result in device failure. Therefore, the 
following items should always be observed in order to 
minimize the thermal stress to which the devices are 
subjected. 

• Always preheat the device. 

• The delta temperature between the preheat and soldering 
should be 100°C or less.* 

• When preheating and soldering, the temperature of the 
leads and the case must not exceed the maximum 
temperature ratings as shown on the data sheet. When 
using infrared heating with the reflow soldering method, 
the difference shall be a maximum of 10°C. 



• The soldering temperature and time shall not exceed 
260°C for more than 1 seconds. 

• When shifting from preheating to soldering, the maximum 
temperature gradient shall be 5°C or less. 

• After soldering has been completed, the device should be 
allowed to cool naturally for at least three minutes. 
Gradual cooling should be used as the use of forced 
cooling will increase the temperature gradient and result 
in latent failure due to mechanical stress. 

• Mechanical stress or shock should not be applied during 
cooling 

• Soldering a device without preheating can cause excessive 
thermal shock and stress which can result in damage to the 
device. 



Motorola TVS/Zener Device Data 
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Zener Voltage Regulator Diodes — Surface Mounted 

500 mW SOD-123 



— 



J JiL L 

I 0.036 r 



T 



1.22 
0.048 



r2.36 
1093 ^1 

_4J9_ 

0.165 

SOD-123 Footprint 



mm 
inches 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
YM.5M. 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. 4254)1 THRU -03 OBSOLETE. NEW STANDARD 



CASE 425 
PLASTIC 



DIM 


MILLIMETERS 


us 


HP? 


MM 


MAX 


MN 


MAX 


A 


1.40 


1.80 


M» 


Oj071 


B 


2.55 


2.65 


0.100 


0.112 


C 


0.96 


1.35 


0.037 


0.053 


D 


0.5O 


0.70 


0.020 


0.028 


E 


025 




0.010 




H 


0.00 


0.10 


0.000 


0X04 


J 




0.15 




cm 




3.55 


3.85 


0.140 


0.152 



STYLE 1: 

PIN 1. CATHODE 
2. ANODE 



(Refer to Section 1 for Surface Mount, Thermal Data and Footpnnt Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


T1(D 


3K 


Tape and Reel 


T3(2) 


10K 



NOTE: 1 . The numbers on the suffixes indicate the following: 
1 . 7" Reel. Cathode lead toward sprocket hole. 
2. 13' Reel. Cathode lead toward sprocket hole. 

(Refer to Section 10 for more information on Packaging Specifications.) 
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Motorola TVS/Zener Device Data 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



3 Watt Plastic Surface Mount 
Silicon Zener Diodes 

This complete new line of 3 Watt Zener Diodes offers the following advantages. 
Specification Features: 

• A Complete Voltage Range — 3.3 to 200 Volts 

• Flat Handling Surface for Accurate Placement 

• Package Design for Top Side or Bottom Circuit Board Mounting 

• Available in Tape and Reel 
Mechanical Characteristics: 

CASE: Void-free, transfer-molded plastic 

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: 260°C for 10 seconds 
FINISH: All external surfaces are corrosion resistant with readily solderable leads 
POLARITY: Cathode indicated by molded polarity notch. When operated in zener mode, 

cathode will be positive with respect to anode. 
MOUNTING POSITION: Any 

WEIGHT: Modified L-Bend providing more contact area to bond pad 
WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Seremban, Malaysia 



1SMB5913BT3 

through 
1SMB5956BT3 



PLASTIC SURFACE MOUNT 
ZENER DIODES 

3 WATTS 
3.3-200 VOLTS 




CASE 403A 
PLASTIC 



MAXIMUM RATINGS 



Rating 


Symbol 


Valua 


Unit 


DC Power Dissipation @ T|_ = 75°C, Measured at Zero Lead Length 
Derate above 75°C 


PD 


3 
40 


Watts 
mWrC 


DC Power Dissipation @ T/\ =• 25°C - 
Derate above 25°C 


Pd 


830 
6.6 


mW 
mW/°C 


Operating and Storage Junction Temperature Range 


T J. T stq 


— 65 to +150 


°C 



•FR4 Board, within 1 * to device, using Motorola minimum recommended footprint, as shown in case 403A outline dimensions spec. 

ELECTRICAL CHARACTERISTICS (T L - 30°C unless otherwise noted.) (V F - 1 .5 Volts Max @ l F = 200 mAdc for all types.) 





Nominal 










Max Reverse 


Maximum DC 






Zener Voltage 

V Z @l2T 

Volts 
(Note 1) 


Test 
Current 

IZT 
mA 


Max Zener Impedance (Note 2) 


Leakage Current 


Zener 
Current 

IZM 
mAdc 




Device* 


ZZT@'ZT 
Ohms 


Zzk a 
Ohms " 


i, "ZK 
mA 


IR « 
LiA 


Volts 


Device 
Marking 


1SMB5913BT3 


3.3 


113.6 


10 


500 


1 


100 


1 


454 


91 3B 


1SMB5914BT3 


3.6 


104.2 


9 


500 


1 


75 


1 


416 


914B 


1SMB591SBT3 


3.9 


96.1 


7.5 


500 


1 


25 




384 


915B 


1SMB5S16BT3 


4.3 


87.2 


6 


500 


1 


5 


J 


348 


916B 


1SMBS917BT3 


4.7 


79.8 


5 


500 


1 


5 


1.5 


319 


917B 


1SMB5918BT3 


5.1 


73.5 


4 


350 


1 


5 


2 


294 


918B 


1SMBS919BT3 


5.6 


66.9 


2 


250 


1 


5 


3 


267 


919B 


1SMB5S20BT3 


6.2 


60.5 


2 


200 


1 


5 


4 


241 


920B 


1SMB5921BT3 


6.8 


55.1 


2.5 


200 


1 


5 


5.2 


220 


921 B 


1SMB5922BT3 


7.5 


50 


3 


400 


0.5 


5 


6.8 


200 


922B 


1SMB5923BT3 


8.2 


45.7 


3.5 


400 


0.5 


5 


6.5 


182 


923B 


1SMB5924BT3 


9.1 


41.2 


4 


500 


0.5 


5 


7 


164 


924B 


1SMB5925BT3 


10 


37.5 


4.5 


500 


0.25 


5 


8 


150 


92SB 


1SMB5926BT3 


11 


34.1 


5.5 


550 


0.25 


1 


8.4 


136 


926B 


1SUB5927BT3 


12 


31.2 


6.5 


550 


0.25 


1 


9.1 


125 


927B 


1SMB5928BT3 


13 


28.8 


7 


550 


0.25 


1 


9.9 


115 


928B 



TOLERANCE AND VOLTAGE DESIGNATION Tolerance designation — The type numbers listed indicate a tolerance of ±5%. 



Devices listed in bold, italic are Motorola preferred devices. 
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1SMB5913BT3 Series 

ELECTRICAL CHARACTERISTICS — continued (T L = 30°C unless otherwise noted.) (Vp = 1 .5 Volts Max @ \f m 200 mAdc for all 



types.) 





Nominal 










Max Reverse 


Maximum DC 






Zener Voltage 

V7@l7T 

Volts 
(Note 1) 


Test 
Current 

IZT 
mA 


Max Zener Impedance (Note 2) 


Leakage Current 


Zener 
Current 

IZM 
mAdc 




Device* 


ZZT @I ZT 
unms 


Zzk & 
unms 


i, 'ZK 
mA 


Ja * 


a v R 

VOI IS 


Device 
Marking 




15 


25 


9 


600 


0.25 


1 


11.4 


100 


929B 


1SMB5930BT3 


16 


23.4 


10 


600 


0.25 


1 


12.2 


93 


930B 


1SMB5931BT3 


1B 


20.8 


12 


650 


0.25 


' 


13.7 


83 


931B 


1SMB5932BT3 


20 


18.7 


14 


650 


0.25 


1 


15.2 


75 


932B 




22 


17 


17.5 


650 


0.25 


1 


16.7 


68 


933B 


1SMB5934BT3 


24 


15.6 


19 


700 


0.25 


1 


18.2 


62 


934B 


1SMB593SBT3 


27 


13.9 


23 


700 


0.25 


1 


20.6 


55 


935B 


1SMB5936BT3 


30 


12.5 


26 


750 


0.25 


1 


22.8 


50 


936B 


I OlVIDOaOf D 1 o 


33 


11 4 


33 


800 


0.25 


1 


25.1 


45 


937B 


1SMB5938BT3 


36 


10.4 


38 


850 


0.25 


1 


27.4 


41 


938B 


1SMB5939BT3 


39 


9.6 


45 


900 


0.25 


1 


29.7 


38 


939B 


1SMB5940BT3 


43 


8.7 


53 


950 


0.25 


1 


32.7 


34 


940B 




47 


Q 


67 


1000 


0.25 


1 


35.8 


31 


941 B 


1SMB5942BT3 


51 


7.3 


70 


1100 


0.25 


1 


38.8 


29 


942B 


1SMB5943BT3 


56 


6.7 


86 


1300 


0.25 


1 


42.6 


26 


943B 


1SMB5944BT3 


62 


6 


100 


1500 


0.25 




47.1 


24 


944B 




Do 


U.O 


120 


1700 


0.25 




51.7 




22 


945B 


1SMB5946BT3 


75 


5 


140 


2000 


0.25 




56 


20 


946B 


1SMB5947BT3 


82 


4.6 


160 


2500 


0.25 




62.2 


18 


947B 


1SMB5948BT3 


91 


4.1 


200 


3000 


0.25 




69.2 


16 


948B 


1SMB5949BT3 


100 


3.7 


250 


3100 


0.25 




76 


15 


949B 


1SMB5950BT3 


110 


3.4 


300 


4000 


0.25 




83.6 


13 


950B 


1SMB5951BT3 


120 


3.1 


380 


4500 


0.25 




91.2 


12 


951 B 


1SMB5952BT3 


130 


2.9 


450 


5000 


0.25 




98.8 


11 


952 B 


1 SMB5953BT3 


150 


2.5 


600 


6000 


0.25 




114 


10 


953B 


1SMB5954BT3 


160 


2.3 


700 


6500 


0.25 




121.6 


9 


954B 


1SMB5955BT3 


180 


2.1 


900 


7000 


0.25 




136.8 


8 


955B 


1SMB5956BT3 


200 


1.9 


1200 


8000 


0.25 




152 


7 


956B 



•TOLERANCE AND VOLTAGE DESIGNATION Tolerance designation - The type numbers listed indicate a tolerance ot ±6%. 



Devices listed in bold, italic are Motorola preferred devices. 
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1SMB5913BT3 Series 




NOTE 1. ZENEfl VOLTAGE (V z ) MEASUREMENT 

Nominal zener voltage is measured with the device junction in thermal equilibrium with ambi- 
ent temperature at 25°C. 



NOTE 2. ZENER IMPEDANCE (Z z ) DERIVATION 

and Z z « are measured by dividing the ac voltage drop across the device by the ac current 
applied. The specified limits are lor l z (ac) ■ 0.1 l z (dc) with the ac frequency - 60 Hz. 
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Zener Voltage Regulator Diodes — Surface Mounted 
3 Watt DC Power 




D B 



JkU JUL 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION INCH. 

3. D DIMENSION SHALL BE MEASURED WITHIN 
DIMENSION P. 



DIM 


INC 


« 


MILL* 


ETERS 


MIN 


MAX 


Mm 


MAX 


A 


0.160 


0.180 


4.06 


4.57 


B 


0.130 


0.160 


3.30 


3.81 


C 


0.075 


0.095 


1.90 


2.41 


D 


0.077 


0.083 


1.96 


2.11 


H 


0.002C 


0.0060 


0.051 


0.162 


J 


0.006 


0.012 


0.15 


0.30 


K 


0.030 


0.050 


0.76 


1.27 


P 


0.020 REF 


0.51 


REF 


1 


Cjas | IM 


Hi 


S.59 











f 

0.108 
2.743 

1 












/ Inches 


0.085 



SMB Footprint 



CASE 403A-03 
PLASTIC 



(Refer to Section 1 tor Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 




Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


T3 (13 inch) 


2.5K 



(Refer to Section 1 for more information on Packaging Specifications.) 
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Section Eight 



Zener Voltage 
Reference Diodes 
Data Sheets 
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1N821.A 1N823.A 1N825.A 
1N827.A 1N829.A 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Temperature-Compensated 
Zener Reference Diodes 



Temperature-compensated zener reference diodes utilizing a single chip oxide passi- 
vated junction for long-term voltage stability. A rugged, glass-enclosed, hermetically sealed 
structure. 

Mechanical Characteristics: 
CASE: Hermetically sealed, all-glass 
DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable. 
POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 Gram (approx.) 
MOUNTING POSITION: Any 



1N821.A 1N823.A 
1N825.A 1N827.A 
1N829,A 



TEMPERATURE- 
COMPENSATED 
SILICON ZENER 
REFERENCE DIODES 
6.2 V, 400 mW 



Maximum Ratings 

Junction Temperature: - 55 to +175°C 
Storage Temperature: - 65 to +1 75°C 
DC Power Dissipation: 400 mW @ T A = 50°C 

WAFER FAB LOCATION: Phoenix, Arizona 
ASSEMBLY/TEST LOCATION: Phoenix, Arizona 




ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted. V z = 6.2 V ± 5%" @ l ZT = 7.5 mA) (Note 5) 



JEDEC 
Type No. 


Maximum 
Voltage Change 
AVz (Volts) 
(Note 1) 


Ambient 
Test Temperature 

°C 
±1°C 


Temperature 
Coefficient 
For Reference Only 

%/°C 
(Note 1) 


Maximum 
Dynamic Impedance 
Zjj Ohms 
(Note 2) 


1N821 


0.096 


-55,0, +25, +75, +100 


0.01 


15 


1N823 


0.048 


0.005 




1N825 


0.019 




0.002 




1N827 


0.009 




0.001 




1N829 


0.005 




0.0005 




1N821A 


0.096 




0.01 


10 


1N823A 


0.048 




0.005 




1N825A 


0.019 




0.002 




1 N827A 


0.009 




0.001 




1N829A 


0.005 




0.0005 





•Tighter-tolerance units available on special request. 



Devices listed in bold, italic are Motorola preferred devices. 
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1N821.A 



1N825.A 1N827.A 1N829.A 



MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(with Izt = 7.5 mA ±0.01 mA) (See Note 3) 
1N821 through 1N829 




T A , AMBIENT TEMPERATURE (°C) 

Figure 1a Figure 1b 



ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE 

(At Specified Temperatures) 
(See Note 4) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 
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1N821.A 1N823,A 1N825.A 1N827.A 1N829.A 



MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT 

(See Note 2) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 




4 6 8 10 20 
lz, ZENER CURRENT (mA) 

Figured 1N821 Series 



4 6 8 10 20 

l Z , ZENER CURRENT (mA) 
Figured 1N821A Series 



80100 



NOTE 1. VOLTAGE VARIATION (AV Z ) AND TEMPERATURE 

All reference diodes are characterized by the "box method." This guarantees a maximum volt- 
age variation (AV2) over the specified temperature range, at the specified test current Qzj). 
verified by tests at indicated temperature points within the range. is measured and re- 
corded at each temperature specified. The AV Z between the highest and lowest values must 
not exceed the maximum av z given. This method of indicating voltage stability is now used 
for JEDEC registration as well as for military qualification, The former method of indicating 
voltage stability — by means of temperature coefficient accurately reflects the voltage devi- 
ation at the temperature extremes, but is not necessarily accurate within the temperature 
range because reference diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 



NOTE 2. 

The dynamic zener impedance, Z^j. is derived from the 60 Hz ac voltage drop which results 
when an ac current with an rms value equal to 10% of the do zener current. I ZT , is superim- 
posed on l ZT . Curves showing the variation of zener Impedance with zener current for each 
series are given In Figures 4 and 5. 



NOTE 3. 

These graphs can be used to determine the maximum voltage change of any device in the 
series over any specific temperature range. For example, a temperature change from to 
+50°C will cause a voltage change no greater than +31 mV or - 31 mV for 1 N821 or 1 N821 A, 
as illustrated by the dashed lines in Figure 1 . The boundaries given are maximum values. For 
greater resolution, an expanded view of the center area in Figure 1 a is shown in Figure 1b. 

NOTE 4. 

The maximum voltage change, AV Z , Figures 2 and 3 is due entirely to the impedance of the 
device. If both temperature and Ijj are varied, then the total voltage change may be obtained 
by graphically adding AV Z in Figure 2 or 3 to the AV^m Figure 1 forthe device under consider- 
ation. If the device is to be operated at some stable current other than the specified test cur- 
rent, a new set of characteristics may be plotted by superimposing the data in Figure 2 or 3 
on Figure 1 . For a more detailed explanation see application note in later section. 

NOTE 5. 

Zener voltage limits at 25°C measured with the test current Ozj) applied with the device junc- 
tion in thermal equilibrium at an ambient temperature of 25°C. 
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6.2 Volt OTC 400 mW DO-35 



i A 



IT; 



CASE 299-02 
DO-204AH 
GLASS 



NOTES: 

1 . PACKAGE CONTOUR OPTIONAL WITHIN A AND 6 
HEAT SLUGS. IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER. BUT NOT SUBJECT TO 
THE MINIMUM LIMIT OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN ZONE F 
TO ALLOW FOR FLASH. LEAD FINISH BUILOUP 
AND MINOR IRREGULARITIES OTHER THAN 
HEAT SLUGS 

3. POLARITY DENOTED BY CATHODE BAND. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1962. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


3.05 


5.08 


0.120 


0.200 


B 


1.52 


2.29 


0.060 


0.090 


D 


0.46 


0.56 


0.018 


0.022 


F 




1.27 




0.050 


K 


25.40 


38.10 


1.000 


1.500 



is ami notss apply. 



{Refer to Section 10 for Surface Mount. Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Units) 


Tape and Reel 


RL, RL2(1) 


5K 


Tape and Ammo 


TA.TA20) 


5K 



NOTE: 1 . The "2" suffix designates 26 mm tape spacing. 

(Refer to Section 1 for more information on Packaging Specifications.) 



Motorola TVS/Zener Device Data 
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Current 

Regulator Diodes 
Axial Leaded 
Data Sheets 



1.5 Watt DC Power 

General Data 

1N5283 through 1N5314 



.9-2 
.9-2 
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MOTOROLA 

SEMICONDUCTOR wa^^m—mammmm 

TECHNICAL DATA 

Current Regulator Diodes 

Field-effect current regulator diodes are circuit elements that provide a current 
essentially independent of voltage. These diodes are especially designed for maximum 
impedance over the operating range. These devices may be used in parallel to obtain 
higher currents. 

Manufacturing Locations: 
WAFER FAB: Phoenix, Arizona 
ASSEMBLY/TEST: Phoenix, Arizona 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Peak Operating Voltage 
(Tj = -55°C to +200°C) 


POV 


100 


Volts 


Steady State Power Dissipation 
@ T|_ = 75°C 
Derate above T|_ = 75°C 
Lead Length = 3/8" 
(Forward or Reverse Bias) 


PD 


600 
4.8 


mW 
mWfC 


Operating and Storage Junction 
Temperature Range 


Tj, T stg 


-55 to +200 





1N5283 
through 
1N5314 



CURRENT 
REGULATOR 
DIODES 
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1N5283 through 1N5314 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 











Minimum 


Minimum 


Maximum 




Regulator Current 


Dynamic 


Knee 


Limiting 




Ip (mA) @ V T = S 


5 V 


Impedance 


Impedance 


Voltage 










@ V T = 25 V 


@ V K = 6.0 V 


@ l|_ = 0.8 Ip (mln) 


Type No. 


Nom 


Mln 


Max 


Z T (M£2) 


Z K (MQ) 


V L (Volts) 


1N5283 


0.22 


0.198 


0.242 


25.0 


2.75 


1.00 


1N5284 


0.24 


0.216 


0.264 


19.0 


2.35 


1.00 


1N5285 


0.27 


0.243 


0.297 


14.0 


1.95 


1.00 


1N5286 


0.30 


0.270 


0.330 


9.00 


1.60 


1.00 


1NS287 


0.33 


0.297 


0.363 


6.60 


1.35 


1.00 


1 N5288 


0.39 


0.351 


0.429 


4.10 


1.00 


1.05 


1N5289 


0.43 


0.387 


0.473 


3.30 


0.870 


1.05 


1N5290 


0.47 


0.423 


0.517 


2.70 


0.750 


1.05 


1N5291 


0.56 


0.504 


0.616 


1.90 


0.560 


1.10 


1N5292 


0.62 


0.558 


0.682 


1.55 


0.470 


1.13 




68 


612 


0.748 


1.35 


0.400 


1.15 


1 N5294 


75 


675 


0.825 


1.15 


0.335 


1.20 


1 N5295 


0.82 


0.738 


0.902 


1.00 


0.290 


1.25 


1 N5296 


0.91 


0.819 


1.001 


0.880 


0.240 


1.29 


1NS297 


1.00 


0.900 


1.100 


0.800 


0.205 


1.35 




1 10 


990 


1 .21 


0.700 


0.180 


1 .40 


1N5299 


1 20 


1 OR 


1.32 


0.640 


0.155 


1.45 


1N5300 


1.30 


1.17 


1.43 


0.580 


0.135 


1.50 


1N5301 


1.40 


1.26 


1.54 


0.540 


0.115 


1.55 


1N5302 


1.50 


1.35 


1.65 


0.510 


0.105 


1.60 


1 N5303 


1.60 


1.44 


1.76 


0.475 


0.092 


1.65 


1N5304 


1.80 


1.62 


1.98 


0.420 


0.074 


1.75 


1N5305 


2.00 


1.80 


2.20 


0.395 


0.061 


1.85 


1N5306 


2.20 


1.98 


2.42 


0.370 


0.052 


1.95 


1N5307 


2.40 


2.16 


2.64 


0.345 


0.044 


2.00 


1N5308 


2.70 


2.43 


2.97 


0.320 


0.035 


2.15 


1N5309 


3.00 


2.70 


3.30 


0.300 


0.029 


2.25 


1N5310 


3.30 


2.97 


3.63 


0.280 


0.024 


2.35 


1N5311 


3.60 


3.24 


3.96 


0.265 


0.020 


2.50 


1NS312 


3.90 


3.51 


4.29 


0.255 


0.017 


2.60 


1NS313 


4.30 


3.87 


4.73 


0.245 


0.014 


2.75 


1NS314 


4.70 


4.23 


5.17 


0.235 


0.012 


2.90 



Devices listed in bold, italic are Motorola preferred devices. 
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1N5283 through 1N5314 
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Figure 1. Typical Current Regulator 
Characteristics 
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0.2 0.4 0.6 

L, LEAD LENGTH (INCHES) 



0.8 



Figure 2. Typical Thermal Resistance 



SYMBOLS AND DEFINITIONS 

Iq — Diode Current. 

Limiting Current: 80% of lp minimum used to determine 

Limiting voltage, Vl- 
lp — Pinch-off Current: Regulator current at specified Test 

Voltage, V-p 

POV — Peak Operating Voltage: Maximum voltage to be applied 
to device. 
9| — Current Temperature Coefficient. 
Vak — Anode-to-cathode Voltage. 
Vk — Knee Impedance Test Voltage: Specified voltage used to 

establish Knee Impedance, Zk- 
Vl — Limiting Voltage: Measured at l L , V|_, together with Knee 
AC Impedance, Zk, indicates the Knee characteristics of 
the device. 

Vj — Test Voltage: Voltage at which lp and Zj are specified. 
Zk — Knee AC Impedance at Test Voltage: To test for Zk, a 90 

Hz signal Vk with RMS value equal to 1 0% of test voltage, 

Vk, is superimposed on Vk: 
Z K = V K /iK 

where iK is the resultant ac current due to Vk- 
To provide the most constant current from the diode, Zk 
should be as high as possible; therefore, a minimum value 
of Zk is specified. 
Zj — AC Impedance at Test Voltage: Specified as a minimum 
value. To test forZ-p a 90 Hz signal with RMS value equal 
to 1 0% of Test Voltage Vj, is superimposed on V-p 

APPLICATION NOTE 

As the current available from the diode is temperature dependent, 
it is necessary to determine junction temperature, Tj, under specific 
operating conditions to calculate the value of the diode current. The 
following procedure is recommended: 

Lead Temperature, T|_, shall be determined from: 

T l -9la Pd + T A 
where 8|_a is lead-to-ambient thermal resistance 
and Pp is power dissipation. 

6|_a is generally 30-40°C/W for the various clips and tie points 

in common use, and for printed circuit-board wiring. 

Junction Temperature, Tj, shall be calculated from: 
Tj = T l + 8jl Pd 

where 9j|_ is taken from Figure 2. 
For circuit design limits of Vak. limits of Pd may be estimated and 
extremes of Tj may be computed. Using the information on Figures 
4 and 5, changes in current may be found. To improve current 
regulation, keep Vak low to reduce Pd and keep the leads short, 
especially the cathode lead, to reduce 9jl. 




0.5 0.7 



2 3 5 7 10 

Vak, ANODE-CATHODE VOLTAGE (VOLTS) 

Figure 3. Typical Forward Characteristics 
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1N5283 through 1N5314 




lp NOMINAL PINCH-OFF CURRENT (mA) 
Figure 4. Temperature Coefficient 




0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 2 3 4 5 

lp, NOMINAL PINCH-OFF CURRENT (mA) 



Figure 5. Temperature Coefficient 




lp NOMINAL PINCH-OFF CURRENT (mA) 

"90% of the units will be in the ranges shown. 

Figure 6. Current Regulation Factor 
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Current Regulator Diodes — Axial Leaded 



1.5 Watt DC Power 






■ t 


K 





NOTES: 

1 . PACKAGE CONTOUR OPTIONAL WITHIN DIA B 
AND LENGTH A. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT SHALL 
NOT BE SUBJECT TO THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO 
ALLOW FOR FLASH, LEAD FINISH BUILDUP, 
AND MINOR IRREGULARITIES OTHER THAN 
HEAT SLUGS. 



PIM 


MIIUM 


ETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


5.64 


7.62 


0.230 


0.300 


B 


2.16 


2.72 


0.035 


0.107 





0.46 


0.56 


0.018 


0.022 


F 




1.27 




0.050 


K 


25.40 


36.10 


1.000 


1.500 



All jEDEC dimensions and notes apply 



CASE 51-02 
DO-204AA 
GLASS 



(Refer to Section 1 for Surface Mount, Thermal Data and Footprint Information.) 



MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 



Package Option 


Type No. Suffix 


MPQ (Unite) 


Tape and Reel 


RL 


2.5K 


Bulk 


(None) 


500 



(Refer to Section 1 for more information on Packaging Specifications.) 
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TVS/Zener Axial-Lead 

Lead Tape Packaging Standards for Axial-Lead 
Components 



1.0 SCOPE 

This section covers packaging requirements for the following 
axial-lead component's use in automatic testing and 
assembly equipment: Motorola Case 17-02, Case 41A-02, 
Case 51-02 (DO-7), Case 59-03 (DO-41), Case 59-04, Case 
194-04 and Case 299-02 (DO-35). Packaging, as covered 
in this section, shall consist of axial-lead components 
mounted by their leads on pressure sensitive tape, wound 
onto a reel. 

2.0 PURPOSE 

This section establishes Motorola standard practices for 
lead-tape packaging of axial-lead components and meets the 
requirements of EIA Standard RS-296-D "Lead-taping of 
Components on Axial Lead Configuration for Automatic 
Insertion," level 1 . 

3.0 REQUIREMENTS 

3.1 Component leads 

3.1.1 - Component leads shall not be bent beyond 
dimension E from their normal position. See Figure 2. 

3.1.2 - The "C" dimension shall be governed by the 
overall length of the reel packaged component. The 
distance between flanges shall be 0.059 inch to 0.315 
inch greater than the overall component length. See 
Figures 2 and 3. 

3.1.3 - Cumulative dimension "A" tolerance shall not 
exceed 0.059 over 6 in consecutive components. 

3.2 Orientation 

All polarized components must be oriented in one 
direction. The cathode lead tape shall be blue and the 
anode tape shall be white. See Figure 1 . 

3.3 Reeling 

3.3.1 - Components on any reel shall not represent 
more than two date codes when date code identification 
is required. 

3.3.2 - Component's leads shall be positioned 
perpendicularly between pairs of 0.250 inch tape. See 
Figure 2. 

3.3.3 - A minimum 12 inch leader of tape shall be 
provided before the first and last component on the reel. 



3.3.4 - 50 lb. Kraft paper is wound between layers of 
components as far as necessary for component 
protection. 

3.3.5 - Components shall be centered between tapes 
such that the difference between D1 and D2 does not 
exceed 0.055. 

3.3.6 - Staples shall not be used for splicing. No more 
than four layers of tape shall be used in any splice area 
and no tape shall be offset from another by more than 

0. 031 inch noncumulative. Tape splices shall overlap 
at least 6 inches for butt joints and at least 3 inches 
for lap joints and shall not be weaker than unspliced 
tape. 

3.3.7 - Quantity per reel shall be as indicated in Table 

1. Orders for tape and reeled product will only be 
processed and shipped in fuil reel increments. 
Scheduled orders must be in releases of full reel 
increments or multiples thereof. 

3.3.8 - A maximum of 0.25% of the components per 
reel quantity may be missing without consecutive 
missing per level 1 of RS-296-D. 

3.3.9 - The single face roll pad shall be placed around 
the finished reel and taped securely. Each reel shall 
then be placed in an appropriate container. 

3.4 Marking 

Minimum reel and carton marking shall consist of the 
following (see Figure 3): 

Motorola part number 
Quantity 

Manufacturer's name 

Date codes (when applicable; see note 3.3.1) 

4.0 

Requirements differing from this Motorola standard shall be 
negotiated with the factory. 

The packages indicated in the following table are suitable 
for lead tape packaging. The table indicates the specific 
devices (transient voltage suppressors and/or zeners) that 
can be obtained from Motorola in reel packaging and 
provides the appropriate packaging specification. 
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Lead Tape Packaging Standards for Axial-Lead Components (continued) 



Table 1. Packaging Details (all dimensions in inches) 



Oaoa Tun A 
wfloO 1 jf tl 


Product 
Category 


Device 
Title 
Suffix 


MPQ 

Quantity 
Per Reel 

litem 3 3 7) 

(■ram i j 


Component 

Spacing 
A Dimension 


Tape 
Spacing 
B Dimension 


Reel 
Dimension 

c 


Reel 
Dimension 
D (Max) 


Max Off 
Alignment 
E 


Case 17 


Surmetic 40 & 
600 Watt TVS 


RL 


4000 


0.2+/- 0.01 5 


2.062+/- 0.059 


3 


14 


0.047 


Case 41 A 


1500 Watt TVS 


RL4 


1500 


0.4+/- 0.02 


2.062+/- 0.059 


3 


14 


0.047 


Case 51-02 


DO-7 Glass 
(For Reference only) 


RL 


3000 


0.2 +/- 0.02 


2.062+/- 0.059 


3 


14 


0.047 


Case 59-03 


00-41 Glass & 
DO-41 Surmetic 30 

Rectifier 


RL 


6000 


0.2+/- 0.015 


2.062+/- 0.059 


3 


14 


0.047 


Case 59-04 


500 Watt TVS 
Rectifier 


RL 


5000 


0.2+/- 0.02 


2.062 +/- 0.059 


3 


14 


0.047 


Case 194-04 


110 Amp TVS 
(Automotive) 

Rectifier 


RL 


800 


0.4 +/- 0.02 


1.875+/- 0.059 


3 


14 


0.047 


Case 267-02 


Rectifier 


RL 


1500 


0.4 +/- 0.02 


2.062+/- 0.059 


3 


14 


0.047 


Case 299 


DO-35 Glass 


RL 


5000 


0.2+/- 0.02 


2.062 +/- 0.059 


3 


14 


0.047 




Figure 3. Reel Dimensions 
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TVS/Zener Surface Mount 
Embossed Tape and Reel 



Embossed Tape and Reel is used to facilitate automatic pick and place equipment feed 
requirements. The tape is used as the shipping container for various products and requires 
a minimum of handling. The antistatic/conductive tape provides a secure cavity for the 
product when sealed with the "peel-back" cover tape. 

• Used for Automatic Pick and Place Feed Systems 

• Minimizes Product Handling 

• EIA 481-1, 8 mm and 12 mm Taping of Surface Mount Components for Automatic 
Handling and EIA 481 -2, 1 6 mm and 24 mm Embossed Carrier Taping of Surface Mount 
Components for Automatic Handling 

• SOD-123, SOT-23 in 8 mm Tape 

• SMB in 12 mm Tape 

• SMC in 16 mm Tape 

Ordering Information 

Use the standard device title and add the required suffix as listed in the option table below. 
Note that the individual reels have a finite number of devices depending on the type of product 
contained in the tape. Also note the minimum lot size is one full reel for each line item and 
orders are required to be in increments of the single reel quantity. 



Tape and Reel 
Data for 
TVS/Zener 

Surface Mount 
Devices 



PACKAGES 
SOD-123 SOT-23 
SMB SMC 




SOT-23 
8 mm 



SOD-123 
8 mm 



I O O (5 o o I 

) PP1P \ 



SMB, SMC 
12 mm 16 mm 

O O O O O O OOP 







Tape Width 
(mm) 


Pitch(1) 


Reel Size 
(inch) 


Devices Per Reel 
and Minimum 
Order Quantity 


Device 
Suffix 


Package 


Case Type 


(mm) 


(in) 


SOD-123, SOT-23 




Case 318-07 


00 CO 


4.0 ±0.1 


.157 ±.004 


7 
13 


3,000 
10,000 


y- CO 


SMB 


Case 403A 


12 


8.0 ±0.1 


.31 5 ±.004 


13 


2,500 


T3 


SMC 


Case 403 


16 


8.0 ±0.1 


.31 5 ±.004 


13 


2,500 


T3 



Olseep. 10-5. 
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CARRIER TAPE SPECIFICATIONS 



FOR MACHINE REFERENCE 
ONLY 

INCLUDING DRAFT AND RADII 
CONCENTRIC AROUND Bq 



FOR COMPONENTS 
2.0mmx1.2mm 
AND LARGER 




CAMBER (TOP VIEW) 
ALLOWABLE CAMBER TO BE 1 mm/1 00 mm NONACCUMULATIVE OVER 250 mm 



DIMENSIONS 



Tape 
Sin 


Malta 


D 


"1 


E 


F 


K 


P 


Pa 


P2 


RMIn 


T Max 


WMax 


8 mm 


4.55 mm 
(.179") 


1.5+0.1 mm 

-OB 
(.059 ♦ .004- 

-0.0) 


1.0 Klin 
(.039") 


1.7510.1 mm 
(.0691.004-) 


3.5±0.05mm 
(.1381.002-) 


2.4 mm Max 
(.094-) 


4.010.1 mm 
(.1571.004") 


4.010.1 mm 
(.1571.004") 


2010.1 mm 
(.0791.002-) 


25 mm 
(.98") 


0.6 mm 
(.024-) 


8.3 mm 
(.327-) 


12 mm 


8.2 mm 
(.323") 


1.5mmMin 
(.060-) 




5.510.05 mm 
(.2171.002-) 


6.4 mm Max 

(252-) 


4.010.1 mm 
(.1571.004-) 

8.010.1 mm 
(.3151.004") 






30 mm 
(1.18-) 




12i.30mm 
(.4701.012") 


16 mm 


12.1 mm 
(.476-) 








7.510.10 mm 
(.2951.004-) 


7.9 mm Max 

(J11-) 


4.010.1 mm 
(.1571.004-) 

8.010.1 mm 
(.3151.004-) 

12.010.1 mm 
(.4721.004-) 










16.3 mm 
(.642-) 


24 mm 


20.1 mm 
(.791-) 








11.510.1 mm 
(.4531.004-) 


11.9 mm Max 
(.468-) 


16.01.01 mm 
(.631.004-) 










24.3 mm 
(.957-) 



Metric dimensions govern — English are in parentheses for reference only. 



NOTE 1 : Ag, Bq, and Kq are determined by component size. The clearance between the components and the cavity must be within .05 mm min. to .50 mm max., 
the component cannot rotate more than 1 0° within the determined cavity. 

NOTE 2: If Bi exceeds 4.2 mm (.1 65) for 8 mm embossed tape, the tape may not feed through all tape feeders. 
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T MAX 



OUTSIDE DIMENSION 




Size 


A Max 


G 


T Max 


8 mm 


330 mm 
(12.992') 


8.4 mm + 1 .5 mm, -0.0 
(.33" + .059", -0.00) 


14.4 mm 
(■56") 


12 mm 


330 mm 
(12.992") 


12.4 mm + 2.0 mm, -0.0 
(.49" + .079", -0.00) 


18.4 mm 
(.72") 


16 mm 


360 mm 
(14.173") 


16.4 mm + 2.0 mm, -0.0 
(.646" + .078", -0.00) 


22.4 mm 
(.882") 


24 mm 


360 mm 
(14.173") 


24.4 mm + 2.0 mm, -0.0 
(.961" + .070", -0.00) 


30.4 mm 
(1.197") 
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TAPE LEADER AND TRAILER DIMENSIONS 



Carrier Tape 



Top Cover Tape 



END 



!) o((o o o((o o o 



;j ij==u 



Trailer 
(Note 2) - 
160 mm 
(6.30) Min 




Components 



Cover Tape 



o 



LJ LJ 



Leader 
(Notel) 
390 mm 
(15.36) Min 



START 



Metric dimensions govern 

NOTES 

1. There shall be a leader of 230 mm (9.05) minimum which may consist of carrier and/or cover tape followed 
by a minimum of 160 mm (6.30) of empty carrier tape sealed with cover tape. 

2. There shall be a trailer of 160 mm (6.30) minimum of empty carrier tape sealed with cover tape. The entire carrier 
tape must release from the reel hub as the last portion of the tape unwinds from the reel without damage to the 
carrier tape and the remaining components In the cavities. 



ELECTRICAL POLARIZATION 
TWO TERMINATION DEVICES 




,0,0,0, 







□ 



+ + + + 



User Direction of Feed 
Top Cover Tape Removed 



Metric dimensions govern 



NOTES 



1 . All polarized components must be oriented In one direction. For components with t 
I De adjacent to tne sprocket noie side. 
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Chapter 1 
ZENER DIODE THEORY 



INTRODUCTION 

The zener diode is a semiconductor device unique in its 
mode of operation and completely unreplaceable by any 
other electronic device. Because of its unusual properties 
it fills a long-standing need in electronic circuitry. It provides, 
among other useful functions, a constant voltage reference 
or voltage control element available over a wide spectrum 
of voltage and power levels. 

The zener diode is unique among the semiconductor 
family of devices because its electrical properties are derived 
from a rectifying junction which operates in the reverse 
breakdown region. In the sections that follow, the reverse 
biased rectifying junction, some of the terms associated with 
it, and properties derived from it will be discussed fully. 

The zener diode is fabricated from the element silicon. 
Special techniques are applied in the fabrication of zener 
diodes to create the required properties. 

This manual was prepared to acquaint the engineer, the 
equipment designer and manufacturer, and the experimenter 
with the fundamental principles, design characteristics, 
applications and advantages of this important semiconductor 
device. 

SEMICONDUCTOR THEORY 

The active portion of a zener diode is a semiconductor 
PN junction. PN junctions are formed in various kinds of 
semiconductor devices by several techniques. Among these 
are the widely used techniques known as alloying and 
diffusion which are utilized in fabricating zener PN junctions 
to provide excellent control over zener breakdown voltage. 

At the present time, zener diodes use silicon as the basic 
material in the formation of their PN junction. Silicon is in 
Group IV of the periodic table (tetravalent) and is classed 
as a "semiconductor" due to the fact that it is a poor 
conductor in a pure state. When controlled amounts of 
certain "impurities" are added to a semiconductor it becomes 
a better conductor of electricity. Depending on the type of 
impurity added to the basic semiconductor, its conductivity 
may take two different forms, called P- and N-type 
respectively. 

N-type conductivity in a semiconductor is much like the 
conductivity due to the drift of free electrons in a metal. In 
pure silicon at room temperature there are too few free 
electrons to conduct current. However, there are ways of 
introducing free electrons into the crystal lattice as we shall 
now see. Silicon is a tetravalent element, one with four 



valence electrons in the outer shell; all are virtually locked 
into place by the covalent bonds of the crystal lattice 
structure, as shown schematically in Figure 1a. When 
controlled amounts of donor impurities (Group V elements) 
such as phosphorus are added, the pentavalent phosphorus 
atoms entering the lattice structure provide extra electrons 
not required by the covalent bonds. These impurities are 
called donor impurities since they "donate" a free electron 
to the lattice. These donated electrons are free to drift from 
negative to positive across the crystal when a field is applied, 
as shown in Figure 1 b. The "N" nomenclature for this kind 
of conductivity implies "negative" charge carriers. 

In P-type conductivity, the charges that carry electric 
current across the crystal act as if they were positive 
charges. We know that electricity is always carried by drifting 
electrons in any material, and that there are no mobile 
positively charged carriers in a solid. Positive charge carriers 
can exist in gases and liquids in the form of positive ions 
but not in solids. The positive character of the current flow 
in the semiconductor crystal may be thought of as the 
movement of vacancies (called holes) in the covalent lattice. 
These holes drift from positive toward negative in an electric 
field, behaving as if they were positive carriers. 

P-type conductivity in semiconductors result from adding 
acceptor impurities (Group III elements) such as boron to 
silicon to the semiconductor crystal. In this case, boron 
atoms, with three valence electrons, enter the tetravalent 
silicon lattice. Since the covalent bonds cannot be satisfied 
by only three electrons, each acceptor atom leaves a hole 
in the lattice which is deficient by one electron. These holes 
readily accept electrons introduced by external sources or 
created by radiation or heat, as shown in Figure 1c. Hence 
the name acceptor ion or acceptor impurity. When an 
external circuit is connected, electrons from the current 
source "fill up" these holes from the negative end and jump 
from hole to hole across the crystal or one may think of this 
process in a slightly different but equivalent way, that is as 
the displacement of positive holes toward the negative 
terminal. It is this drift of the positively charged holes which 
accounts for the term P-type conductivity. 

When semiconductor regions of N- and P-type 
conductivities are formed in a semiconductor crystal adjacent 
to each other, this structure is called a PN junction. Such 
a junction is responsible for the action of both zener diodes 
and rectifier devices, and will be discussed in the next 
section. 
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ELECTRONS ARE LOCKED 
IN COVALENT BONDS 



(a) Lattice Structures of 
Pure Silicon 




LOCKED COVALENT 



APPLIED FIELD 



\^-" BOND ELECTRONS 

\ / 

Si. 



FREE ELECTRON 
FROM PHOSPHOROUS 
ATOM DRIFTS TOWARD 
APPLIED POSITIVE POLE. 



(b) N-Type Silicon 




INCOMPLETED 
COVALENT BOND 

4 

SI 

\ 



THIS ELECTRON JUMPS INTO 
HOLE LEFT BY BORON ATOM. 
HOLE POSITION IS DISPLACED 
TO RIGHT. THIS RESULTS IN 
A DRIFT OF HOLES TOWARD 
THE NEGATIVE POLE, GIVING 
THEM THE CHARACTER OF 
MOBILE POSITIVE CHARGES, 
(c) P-Type Silicon 



Figure 1. Semiconductor Structure 



THE SEMICONDUCTOR DIODE 

In the forward-biased PN junction, Figure 2a, the P region 
is made more positive than the N region by an external 
circuit. Under these conditions there is a very low resistance 
to current flow in the circuit. This is because the holes in 
the positive P-type material are very readily attracted across 
the junction interface toward the negative N-type side. 



Conversely, electrons in the N-type are readily attracted by 
the positive polarity in the other direction. 

When a PN junction is reverse biased, the P-type side is 
made more negative than the N-type side. (See Figure 2b.) 
At voltages below the breakdown of the junction, there is 
very little current flow across the junction interface. At first 
thought one would expect no reverse current under reverse 
bias conditions, but several effects are responsible for this 
small current. 

Under this condition the positive holes in the P-type 
semiconductor are repelled from the junction interface by the 
positive polarity applied to the N side, and conversely, the 
electrons in the N material are repelled from the interface 
by the negative polarity of the P side. This creates a region 
extending from the junction interface into both P- and N-type 
materials which is completely free of charge carriers, that 
is, the region is depleted of its charge carriers. Hence, this 
region is usually called the depletion region. 

Although the region is free of charge carriers, the P-side 
of the depletion region will have an excess negative charge 
due to the presence of acceptor ions which are, of course, 
fixed in the lattice; while the N-side of the depletion region 
has an excess positive charge due to the presence of donor 
ions. These opposing regions of charged ions create a strong 
electric field across the PN junction responsible for the 
creation of reverse current. 

The semiconductor regions are never perfect; there are 
always a few free electrons in P material and few holes in 
N material. A more significant factor, however, is the fact that 
great magnitudes of electron-hole pairs may be thermally 
generated at room temperatures in the semiconductor. When 
these electron-hole pairs are created within the depletion 
region, then the intense electric field mentioned in the above 
paragraph will cause a small current to flow. This small 
current is called the reverse saturation current, and tends 
to maintain a relatively constant value for a fixed temperature 
at all voltages. The reverse saturation current is usually 
negligible compared with the current flow when the junction 
is forward biased. Hence, we see that the PN junction, when 
not reverse biased beyond breakdown voltage, will conduct 
heavily in only one direction. When this property is utilized 
in a circuit we are employing the PN junction as a rectifier. 
Let us see how we can employ its reverse breakdown 
characteristics to an advantage. 

As the reverse voltage is increased to a point called the 
voltage breakdown point and beyond, current conduction 
across the junction interface increases rapidly. The break 
from a low value of the reverse saturation current to heavy 
conductance is very sharp and well defined in most PN 
junctions. It is called the zener knee. When reverse voltages 
greater than the voltage breakdown point are applied to the 
PN junction, the voltage drop across the PN junction remains 
essentially constant at the value of the breakdown voltage 
for a relatively wide range of currents. This region beyond 
the voltage breakdown point is called the zener control 
region. 
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SEVERAL VOLTS 
APPLIED FIELD 



CHARGES FROM BOTH P AND N REGIONS 
DRIFT ACROSS JUNCTION AT VERY LOW 
APPLIED VOLTAGES. 

(a) Forward-Based PN 
Junction 



AT APPLIED VOLTAGES BELOW THE CRITICAL 
BREAKDOWN LEVEL ONLY A FEW CHARGES 
DRIFT ACROSS THE INTERFACE. 

(b) Reverse-Biased PN 
Junction 



Figure 2. Effects of Junction Bias 



ZENER CONTROL REGION: VOLTAGE 
BREAKDOWN MECHANISMS 

Figure 3 depicts the extension of reverse biasing to the 
point where voltage breakdown occurs. Although all PN 
junctions exhibit a voltage breakdown, it is important to know 
that there are two distinct voltage breakdown mechanisms. 
One is called zener breakdown and the other is called 
avalanche breakdown. In zener breakdown the value of 
breakdown voltage decreases as the PN junction 
temperature increases; while in avalanche breakdown the 
value of the breakdown voltage increases as the PN junction 
temperature increases. Typical diode breakdown 
characteristics of each category are shown in Figure 4. The 
factor determining which of the two breakdown mechanisms 
occurs is the relative concentrations of the impurities in the 
materials which comprise the junction. If two different 
resistivity P-type materials are placed against two separate 
but equally doped low-resistivity pieces of N-type materials, 
the depletion region spread in the low resistivity P-type 
material will be smaller than the depletion region spread in 
the high resistivity P-type material. Moreover, in both 
situations little of the resultant depletion width lies in the N 
material if its resistivity is low compared to the P-type 
material. In other words, the depletion region always spreads 
principally into the material having the highest resistivity. 
Also, the electric field (voltage per unit length) in the less 
resistive material is greater than the electric field in the 
material of greater resistivity due to the presence of more 




Figure 3. Reverse Characteristic Extended 
to Show Breakdown Effect 

ions/unit volume in the less resistive material. A junction that 
results in a narrow depletion region will therefore develop 
a high field intensity and breakdown by the zener 
mechanism. A junction that results in a wider depletion region 
and, thus, a lower field intensity will break down by the 
avalanche mechanism before a zener breakdown condition 
can be reached. 

The zener mechanism can be described qualitatively as 
follows: because the depletion width is very small, the 
application of low reverse bias (5 volts or less) will cause 
a field across the depletion region on the order of 3 x 
105v7cm. A field of such high magnitude exerts a large force 
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AVALANCHE BREAKDOWN OF A PN FUNCTION 

Figure 4. Typical Breakdown Diode Characteristics. Note Effects of Temperature for Each Mechanism 



ZENER BREAKDOWN 
OF A PN FUNCTION 



on the valence electrons of a silicon atom, tending to 
separate them from their respective nuclei. Actual rupture 
of the covalent bonds occurs when the field approaches 
3 x 1 05v/cm. Thus, electron-hole pairs are generated in large 
numbers and a sudden increase of current is observed. 
Although we speak of a rupture of the atomic structure, it 
should be understood that this generation of electron-hole 
pairs may be carried on continuously as long as an external 
source supplies additional electrons. If a limiting resistance 
in the circuit external to the diode junction does not prevent 
the current from increasing to high values, the device may 
be destroyed due to overheating. The actual critical value 
of field causing zener breakdown is believed to be 
approximately 3 x 1 0^V/cm. On most commercially available 
silicon diodes, the maximum value of voltage breakdown by 
the zener mechanism is 8 volts. In order to fabricate devices 
with higher voltage breakdown characteristics, materials with 
higher resistivity, and consequently, wider depletion regions 
are required. These wide depletion regions hold the field 
strength down below the zener breakdown value (3 x 
1 5 V/cm). Consequently, for devices with breakdown voltage 
lower than 5 volts the zener mechanism predominates, 
between 5 and 8 volts both zener and an avalanche 
mechanism are involved, while above 8 volts the avalanche 
mechanism alone takes over. 

The decrease of zener breakdown voltage as junction 
temperature increases can be explained in terms of the 
energies of the valence electrons. An increase of 
temperature increases the energies of the valence electrons. 
This weakens the bonds holding the electrons and 
consequently, less applied voltage is necessary to pull the 
valence electrons from their position around the nuclei. Thus, 
the breakdown voltage decreases as the temperature 
increases. 

The dependence on temperature of the avalanche 
breakdown mechanism is quite different. Here the depletion 
region is of sufficient width that the carriers (electrons or 
holes) can suffer collisions before traveling the region 



completely i.e., the depletion region is wider than one 
mean-free path (the average distance a carrier can travel 
before combining with a carrier of opposite conductivity). 
Therefore, when temperature is increased, the increased 
lattice vibration shortens the distance a carrier travels before 
colliding and thus requires a higher voltage to get it across 
the depletion region. 

As established earlier, the applied reverse bias causes a 
small movement of intrinsic electrons from the P material 
to the potentially positive N material and intrinsic holes from 
the N material to the potentially negative P material (leakage 
current). As the applied voltage becomes larger, these 
electrons and holes increasingly accelerate. There are also 
collisions between these intrinsic particles and bound 
electrons as the intrinsic particles move through the depletion 
region. If the applied voltage is such that the intrinsic 
electrons do not have high velocity, then the collisions take 
some energy from the intrinsic particles, altering their 
velocity. If the applied voltage is increased, collision with a 
valence electron will give considerable energy to the electron 
and it will break free of its covalent bond. Thus, one electron 
by collision, has created an electron-hole pair. These 
secondary particles will also be accelerated and participate 
in collisions which generate new electron-hole pairs. This 
phenomenon is called carrier multiplication. Electron-hole 
pairs are generated so quickly and in such large numbers 
that there is an apparent avalanche or self-sustained 
multiplication process (depicted graphically in Figure 5). The 
junction is said to be in breakdown and the current is limited 
only by resistance external to the junction. Zener diodes 
above 7 to 8 volts exhibit avalanche breakdown. 

As junction temperature increases, the voltage breakdown 
point for the avalanche mechanism increases. This effect 
can be explained by considering the vibration displacement 
of atoms in their lattice increases, and this increased 
displacement corresponds to an increase in the probability 
that intrinsic particles in the depletion region will collide with 
the lattice atoms. If the probability of an intrinsic particle-atom 
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REVERSE-BIASED 
PN JUNCTION IN AVALANCHE 



WHEN THE APPLIED VOLTAGE IS 
ABOVE THE BREAKDOWN POINT, A 
FEW INJECTED ELECTRONS RECEIVE 
ENOUGH ACCELERATION FROM THE 
FIELD TO GENERATE NEW ELECTRONS 
BY COLLISION. DURING THIS PROCESS 
THE VOLTAGE DROP ACROSS THE 
JUNCTION REMAINS CONSTANT. 

R S ABSORBS EXCESS VOLTAGE. 



^- CONSTANT VOLTAGE DROP 

Figure 5. PN Junction In Avalanche Breakdown 



collision increases, then the probability that a given intrinsic 
particle will obtain high momentum decreases, and it follows 
that the low momentum intrinsic particles are less likely to 
ionize the lattice atoms. Naturally, increased voltage 
increases the acceleration of the intrinsic particles, providing 
higher mean momentum and more electron-hole pairs 
production. If the voltage is raised sufficiently, the mean 
momentum becomes great enough to create electron-hole 
pairs and carrier multiplication results. Hence, for increasing 
temperature, the value of the avalanche breakdown voltage 
increases. 

VOLT-AMPERE CHARACTERISTICS 

The zener volt-ampere characteristics for a typical 30 volt 
zener diode is illustrated in Figure 6. It shows that the zener 
diode conducts current in both directions; the forward current 
IF being a function of forward voltage Vp. Note that If is small 
until Vp - 0.65 V; then If increases very rapidly. For Vp > 
0.65 V lp is limited primarily by the circuit resistance external 
to the diode. 



Z Z K 

Vz 
ZZT 



FORWARD 
















CHARACTERISTIC TYPICAL 










P 










































R 


























I 


























i 




















IZK 


= 5 mA' 




IZT .. 


Om/ 














































































|7M 






































REVERSE 














1.40 A 


CHARACTERISTIC 



(VOLTS) (VOLTS) 

Figure 6. Zener Diode Characteristics 

The reverse current is a function of the reverse voltage 
Vr but for most prNO TAGaotical purposes is zero until the 
reverse voltage approaches Vz, the PN junction breakdown 
voltage, at which time the reverse current increases very 



rapidly. Since the reverse current is small for Vr < Vz, but 
great for Vr > Vz each of the current regions is specified 
by a different symbol. For the leakage current region, i.e. 
non-conducting region, between volts and Vz, the reverse 
current is denoted by the symbol Ir; but for the zener control 
region, Vr > Vz, the reverse current is denoted by the symbol 
IZ- lR is usually specified at a reverse voltage Vr - 0.8 Vz- 

The PN junction breakdown voltage, Vz, is usually called 
the zener voltage, regardless whether the diode is of the 
zener or avalanche breakdown type. Commercial zener 
diodes are available with zener voltages from about 1.8 
V - 400 V. For most applications the zener diode is operated 
well into the breakdown region (Izt to Izm)- Most 
manufacturers give an additional specification of Izk (= 5 mA 
in Figure 6) to indicate a minimum operating current to assure 
reasonable regulation. 

This minimum current Izk varies in the various types of 
zener diodes and, consequently, is given on the data sheets. 
The maximum zener current Izm should be considered the 
maximum reverse current recommended by the 
manufacturer. Values of Izm are usually given in the data 
sheets. 

Between the limits of Izk ar| d 'ZM. which are 5 mA and 
1400 mA (1 .4 Amps) in the example of Figure 6, the voltage 
across the diode is essentially constant, and <* Vz. This 
plateau region has, however, a large positive slope such that 
the precise value of reverse voltage will change slightly as 
a function of lz. For any point on this plateau region one may 
calculate an impedance using the incremental magnitudes 
of the voltage and current. This impedance is usually called 
the zener impedance Zz, and is specified for most zener 
diodes. Most manufacturers measure the maximum zener 
impedance at two test points on the plateau region. The first 
is usually near the knee of the zener plateau, Zzk. and the 
latter point near the midrange of the usable zener current 
excursion. Two such points are illustrated in Figure 6. 

This section was intended to introduce the reader to a few 
of the major terms used with zener diodes. A complete 
description of these terms may be found in chapter four. In 
chapter four a full discussion of zener leakage, DC 
breakdown, zener impedance, temperature coefficients and 
many other topics may be found. 
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ZENER DIODE FABRICATION TECHNIQUES 



INTRODUCTION 

A brief exposure to the techniques used in the fabrication 
of zener diodes can provide the engineer with additional 
insight using zeners in their applications. That is, an 
understanding of zener fabrication makes the capabilities 
and limitations of the zener diode more meaningful. This 
chapter discusses the basic steps in the fabrication of the 
zener from crystal growing through final testing. 

ZENER DIODE WAFER FABRICATION 

The major steps in the manufacture of zeners are provided 
in the process flow in Figure 1 . It is important to point out 
that the manufacturing steps vary somewhat from 
manufacturer to manufacturer, and also vary with the type 
of zener diode produced. This is driven by the type of 
package required as well as the electrical characteristics 
desired. For example, alloy diffused devices provide 
excellent low voltage reference with low leakage 



characteristics but do not have the same surge carrying 
capability as diffused diodes. The manufacturing process 
begins with the growing of high quality silicon crystals. 

Crystals for Motorola zener diodes are grown using the 
Czochralski technique, a widely used process which begins 
with ultra-pure polycrystalline silicon. The polycrystalline 
silicon is first melted in a nonreactive crucible held at a 
temperature just above the melting point. A carefully 
controlled quantity of the desired dopant impurity, such as 
phosphorus or boron is added. A high quality seed crystal 
of the desired crystalline orientation is then lowered into the 
melt while rotating. A portion of this seed crystal is allowed 
to melt into the molten silicon. The seed is then slowly pulled 
and continues to rotate as it is raised from the melt. As the 
seed is raised, cooling takes place and material from the 
melt adheres to it, thus forming a single crystal ingot. With 
this technique, ingots with diameters of several inches can 
be fabricated. 
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Figure 1. General Flow of the Zener Diode Process 
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SILICON DIOXIDE SELECTIVELY REMOVED 



SILICON DIOXIDE GROWTH 




(a) 



(b) 



DOPANT ATOMS DEPOSITED ONTO 
THE EXPOSED SILICON 




DOPANT ATOMS DIFFUSE INTO SILICON 
BUT NOT APPRECIABLY INTO THE SILICON DIOXIDE 




Figure 2. Basic Fabrication Steps in the Silicon Planar Process: a) oxide formation, b) selective oxide removal, 
c) deposition of dopant atoms, d) Junction formation by diffusion of dopant atoms. 



Once the single-crystal silicon ingot is grown, it is tested 
for doping concentration (resistivity), undesired impurity 
levels, and minority carrier lifetime. The ingot is then sliced 
into thin, circular wafers. The wafers are then chemically 
etched to remove saw damage and polished in a sequence 
of successively finer polishing grits until a mirror-like defect 
free surface is obtained. The wafers are then cleaned and 
placed in vacuum sealed wafer carriers to prevent any 
contamination from getting on them. At this point, the wafers 
are ready to begin device fabrication. 

Zener diodes can be manufactured using different 
processing techniques such as planar processing or mesa 
etched processing. The majority of Motorola zener diodes 
are manufactured using the planar technique as shown in 
Figure 2. 

The planar process begins by growing an ultra-clean 
protective silicon dioxide passivation layer. The oxide is 
typically grown in the temperature range of 900 to 1200 
degrees celcius. Once the protective layer of silicon dioxide 
has been formed, it must be selectively removed from those 
areas into which dopant atoms will be introduced. This is 
done using photolithographic techniques. 

First a light sensitive solution called photo resist is spun 
onto the wafer. The resist is then dried and a photographic 
negative or mask is placed over the wafer. The resist is then 
exposed to ultraviolet light causing the molecules in it to 
cross link or polymerize becoming very rigid. Those areas 
of the wafer that are protected by opaque portions of the 
mask are not exposed and are developed away. The oxide 
is then etched forming the exposed regions in which the 
dopant will be introduced. The remaining resist is then 
removed and the wafers carefully cleaned for the doping 
steps. 



Dopant is then introduced onto the wafer surface using 
various techniques such as aluminum alloy for low voltage 
devices, ion-implantation, spin-on dopants, or chemical 
vapor deposition. Once the dopant is deposited, the junctions 
are formed in a subsequent high temperature (1100 to 1250 
degrees celcius are typical) drive-in. The resultant junction 
profile is determined by the background concentration of the 
starting substrate, the amount of dopant placed at the 
surface, and amount of time and temperature used during 
the dopant drive-in. This junction profile determines the 
electrical characteristics of the device. During the drive-in 
cycle, additional passivation oxide is grown providing 
additional protection for the devices. 

After junction formation, the wafers are then processed 
through what is called a getter process. The getter step 
utilizes high temperature and slight stress provided by a 
highly doped phosphosilicate glass layer introduced into the 
backside of the wafers. This causes any contaminants in the 
area of the junction to diffuse away from the region. This 
serves to improve the reverse leakage characteristic and the 
stability of the device. Following the getter process, a second 
photo resist step opens the contact area in which the anode 
metallization is deposited. 

Metal systems for Motorola's zener diodes are determined 
by the requirements of the package. The metal systems are 
deposited in ultra-clean vacuum chambers utilizing 
electron-beam evaporation techniques. Once the metal is 
deposited, photo resist processing is utilized to form the 
desired patterns. The wafers are then lapped to their final 
thickness and the cathode metallization deposited using the 
same e-beam process. 

The quality of the wafers is closely monitored throughout 
the process by using statistical process control techniques 
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and careful microscopic inspections at critical steps. Special 
wafer handling equipment is used throughout the 
manufacturing process to minimize contamination and to 
avoid damaging the wafers in any way. This further enhances 
the quality and stability of the devices. 

Upon completion of the fabrication steps, the wafers are 
electrically probed, inspected, and packaged for shipment 
to the assembly operations. All Motorola zener diode product 
is sawn using 100% saw-through techniques stringently 
developed to provide high quality silicon die. 

ZENER DIODE ASSEMBLY 
Surmetic 30, 40 and MOSORB 

The plastic packages (Surmetic 30, 40 and MOSORBs) 
are assembled using oxygen free high conductivity copper 
leads for efficient heat transfer from the die and allowing 
maximum power dissipation with a minimum of external 
heatsinking. Figure 3 shows typical assembly. The leads are 
of nail head construction, soldered directly to the die, which 
further enhances the heat dissipating capabilities of the 



The Surmetic 30s, 40s and MOSORBs are basically 
assembled in the same manner; the only difference being 
the MOSORBs are soldered together using a solder disc 
between the lead and die whereas the Surmetic 30s and 
Surmetic 40s utilize pre-soldered leads. 

Assembly is started on the Surmetic 30 and 40 by loading 
the leads into assembly boats and pre-soldering the nail 
heads. After pre-soldering, one die is then placed into each 
cavity of one assembly boat and another assembly boat is 
then mated to it. Since the MOSORBs do not use 
pre-soidered leads, the leads are put into the assembly boat, 
a solder disc is placed into each cavity and then a die is 



put in on top. A solder disc is put in on top of the die. Another 
assembly boat containing only leads is mated to the boat 
containing the leads, die, and two solder discs. The boats 
are passed through the assembly furnace; this operation 
requires only one pass through the furnace. 

After assembly, the leads on the Surmetic 30s, 40s and 
MOSORBs are plated with a tin-lead alloy making them 
readily solderable and corrosion resistant. 

Double Slug (DO-35 and DO-41) 

Double slugs receive their name from the dumet slugs, 
one attached to one end of each lead. These slugs sandwich 
the pre-tinned die between them and are hermetically sealed 
to the glass envelope or body during assembly. Figure 4 
shows typical assembly. 

The assembly begins with the copper clad steel leads 
being loaded into assembly "boats." Every other boat load 
of leads has a glass body set over the slug. A pre-tinned 
die is placed into each glass body and the other boat load 
of leads is mated to the boat holding the leads, body and 
die. These mated boats are then placed into the assembly 
furnace where the total mass is heated. Each glass body 
melts; and as the boat proceeds through the cooling portion 
of the furnace chamber, the tin which has wetted to each 
slug solidifies forming a bond between the die and both slugs. 
The glass hardens, attaching itself to the sides of the two 
slugs forming the hermetic seal. The above illustrates how 
the diodes are completely assembled using a single furnace 
pass minimizing assembly problems. 

The encapsulated devices are then processed through 
lead finish. This consists of dipping the leads in molten 
tin/lead solder alloy. The solder dipped leads produce an 
external finish which is tarnish-resistant and very solderable. 
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Figure 3. Double-Slug Plastic 
Zener Construction 
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Figure 4. Double Slug Glass 
Zener Construction 
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ZENER DIODE TEST, MARK AND PACKAGING 

Double Slug, Surmetic 30, 40 and MOSORB 

After lead finish, all products are final tested, whether they 
are double slug or of Surmetic construction, all are 100 
percent final tested for zener voltage, leakage current, 
impedance and forward voltage drop. 

Process average testing is used which is based upon the 
averages of the previous lots for a given voltage line and 
package type. Histograms are generated for the various 



parameters as the units are being tested to ensure that the 
lot is testing well to the process average and compared 
against other lots of the same voltage. 

After testing, the units are marked as required by the 
specification. The markers are equipped to polarity orient the 
devices as well as perform 100% redundant test prior to 
packaging. 

After marking, the units are packaged either in "bulk" form 
or taped and reeled or taped and ammo packed to 
accommodate automatic insertion. 
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INTRODUCTION 

Motorola's Quality System maintains "continuous product 
improvement" goals in all phases of the operation. Statistical 
process control (SPC), quality control sampling, reliability 
audits and accelerated stress testing techniques monitor the 
quality and reliability of its products. Management and 
engineering skills are continuously upgraded through training 
programs. This maintains a unified focus on Six Sigma 
quality and reliability from the inception of the product to final 
customer use. 

STATISTICAL PROCESS CONTROL 

Motorola's Discrete Group is continually pursuing new 
ways to improve product quality. Initial design improvement 
is one method that can be used to produce a superior 
product. Equally important to outgoing product quality is the 
ability to produce product that consistently conforms to 
specification. Process variability is the basic enemy of 
semiconductor manufacturing since it leads to product 
variability. Used in all phases of Motorola's product 
manufacturing, STATISTICAL PROCESS CONTROL (SPC) 
replaces variability with predictability. The traditional 
philosophy in the semiconductor industry has been 
adherence to the data sheet specification. Using SPC 
methods assures the product will meet specific process 
requirements throughout the manufacturing cycle. The 
emphasis is on defect prevention, not detection. 
Predictability through SPC methods requires the 
manufacturing culture to focus on constant and permanent 
improvements. Usually these improvements cannot be 
bought with state-of-the-art equipment or automated 
factories. With quality in design, process and material 
selection, coupled with manufacturing predictability, Motorola 
can produce world class products. 

The immediate effect of SPC manufacturing is 
predictability through process controls. Product centered and 
distributed well within the product specification benefits 
Motorola with fewer rejects, improved yields and lower cost. 
The direct benefit to Motorola's customers includes better 
incoming quality levels, less inspection time and 
ship-to-stock capability. Circuit performance is often 
dependent on the cumulative effect of component variability. 
Tightly controlled component distributions give the customer 
greater circuit predictability. Many customers are also 
converting to just-in-time (JIT) delivery programs. These 
programs require improvements in cycle time and yield 
predictability achievable only through SPC techniques. The 
benefit derived from SPC helps the manufacturer meet the 
customer's expectations of higher quality and lower cost 
product. 

Ultimately, Motorola will have Six Sigma capability on all 
products. This means parametric distributions will be 



centered within the specification limits with a product 
distribution of plus or minus Six Sigma about mean. Six 
Sigma capability, shown graphically in Figure 1 , details the 
benefit in terms of yield and outgoing quality levels. This 
compares a centered distribution versus a 1 .5 sigma worst 
case distribution shift. 

New product development at Motorola requires more 
robust design features that make them less sensitive to minor 
variations in processing. These features make the 
implementation of SPC much easier. 

A complete commitment to SPC is present throughout 
Motorola. All managers, engineers, production operators, 
supervisors and maintenance personnel have received 
multiple training courses on SPC techniques. Manufacturing 
has identified 22 wafer processing and 8 assembly steps 
considered critical to the processing of zener products. 
Processes, controlled by SPC methods, that have shown 
significant improvement are in the diffusion, photolithography 
and metallization areas. 

To better understand SPC principles, brief explanations 
have been provided. These cover process capability, 
implementation and use. 




-6o -5s -4o -3a -2a -1o \a 2o 3o 4o 5o 5a 
Standard Deviations From Mean 

Distribution Shifted ±1.5 

6681 Oppm defective 
93.32% yield 
6210 ppm defective 
99.379% yield 



Distribution Centered 

At ± 3 a 2700 ppm detective 
99.73% yield 

At ± 4 a 63 ppm detective 
99.9937% yield 

At ± 5 a 0.57 ppm defective 
99.999943% yield 

At ± 6 o 0.002 ppm defective 
99.9999998% yield 



233 ppm defective 
99.9767% yield 

3.4 ppm defective 
99.99966% yield 



Figure 1. AOQL and Yield from a Normal Distribution of 
Product With 6o Capability 

PROCESS CAPABILITY 

One goal of SPC is to ensure a process is CAPABLE. 
Process capability is the measurement of a process to 
produce products consistently to specification requirements. 
The purpose of a process capability study is to separate the 
inherent RANDOM VARIABILITY from ASSIGNABLE 
CAUSES. Once completed, steps are taken to identify and 
eliminate the most significant assignable causes. Random 
variability is generally present in the system and does not 
fluctuate. Sometimes, these are considered basic limitations 
associated with the machinery, materials, personnel skills or 
manufacturing methods. Assignable cause inconsistencies 
relate to time variations in yield, performance or reliability. 
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PREDICTION 




PREDICTION 




SIZE 



Process "under control" - all assignable causes are 
removed and future distribution is predictable. 



SIZE' 



Figure 2. Impact of Assignable Causes on Process Predictable 
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Figure 3. Difference 



In control but not capable 
(variation from random variability 
excessive) 



Process Control and Process Capability 



Traditionally, assignable causes appear to be random due 
to the lack of close examination or analysis. Figure 2 shows 
the impact on predictability that assignable cause can have. 
Figure 3 shows the difference between process control and 
process capability. 

A process capability study involves taking periodic 
samples from the process under controlled conditions. The 
performance characteristics of these samples are charted 
against time. In time, assignable causes can be identified 
and engineered out. Careful documentation of the process 
is key to accurate diagnosis and successful removal of the 
assignable causes. Sometimes, the assignable causes will 
remain unclear requiring prolonged experimentation. 

Elements which measure process variation control and 
capability are Cp and Cpk respectively. Cp is the 
specification width divided by the process width or Cp = 
(specification width) / 6o\ Cpk is the absolute value of the 
closest specification value to the mean, minus the mean, 
divided by half the process width or Cpk = I closest 
specification — X / 3o. 

At Motorola, for critical parameters, the process capability 
is acceptable with a Cpk = 1.33. The desired process 
capability is a Cpk - 2 and the ideal is a Cpk - 5. Cpk, by 
definition, shows where the current production process fits 
with relationship to the specification limits. Off center 
distributions or excessive process variability will result in less 
than optimum conditions. 



SPC IMPLEMENTATION AND USE 



The Discrete Group uses many parameters that show 
conformance to specification. Some parameters are 
sensitive to process variations while others remain constant 
for a given product line. Often, specific parameters are 
influenced when changes to other parameters occur. It is 
both impractical and unnecessary to monitor all parameters 
using SPC methods. Only critical parameters that are 
sensitive to process variability are chosen for SPC 
monitoring. The process steps affecting these critical 
parameters must be identified also. It is equally important 
to find a measurement in these process steps that correlates 
with product performance. This is called a critical process 
parameter. 

Once the critical process parameters are selected, a 
sample plan must be determined. The samples used for 
measurement are organized into RATIONAL SUBGROUPS 
of approximately 2 to 5 pieces. The subgroup size should 
be such that variation among the samples within the 
subgroup remain small. All samples must come from the 
same source e.g., the same mold press operator, etc.. 
Subgroup data should be collected at appropriate time 
intervals to detect variations in the process. As the process 
begins to show improved stability, the interval may be 
increased. The data collected must be carefully documented 
and maintained for later correlation. Examples of common 
documentation entries would include operator, machine, 
time, settings, product type, etc. 
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Figure 4. Example of Process Control Chart Showing Oven Temperature Data 



Once the plan is established, data collection may begin. 
The data collected will generate X and R values that are 
plotted with respect to time. X refers to the mean of the 
values within a given subgroup, while R is the range or 
greatest _value minus least value. When approximately 20 
or more X and R values have been generated, the average 
of these values is computed as follows: 

_?=(X + X2 + X3 + ...)/K 
R = (R1 + R2 + R3 + ...)/K 

where K = the number of subgroups measured. 

The values of X and R are used to create the process 
control chart. Control charts are the primary SPC tool used 
to signal a problem. Shown in Figure 4, process control 
charts show X and R values with respect to time and 
concerning reference to upper and lower control limit values. 
Control limits are computed as follows: 

R upper control limit = UCLr = D4 R 
R lower control limit LCLr = D3_R 
X upper control limit = UCLx =_X + A2 R 
X lower control limit = LCLx = X - A 

Where D4, D3 and A2 are constants varying by sample size, 
with values for sample sizes from 2 to 10 shown in the 
following partial table: 



Control charts are used to monitor the variability of critical 
process parameters. The R chart shows basic problems with 
piece to piece variability related to the process. The X chart 
can often identify changes in people, machines, methods, 
etc. The source of the variability can be difficult to find and 
may require experimental design techniques to identify 
assignable causes. 

Some general rules have been established to help 
determine when a process is OUT-OF-CONTROL. Figure 
5a shows a control chart subdivided into zones A, B, and 
C corresponding to 3 sigma, 2 sigma, and 1 sigma limits 
respectively. In Figure 5b through Figure 5e four of the tests 
that can be used to identify excessive variability and the 
presence of assignable causes are shown. As familiarity with 
a given process increases, more subtle tests may be 
employed successfully. 

Once the variability is identified, the cause of the variability 
must be determined. Normally, only a few factors have a 
significant impact on the total variability of the process. The 
importance of correctly identifying these factors is stressed 
in the following example. Suppose a process variability 
depends on the variance of five factors A, B, C, D and E. 
Each has a variance of 5, 3, 2, 1 and 0.4 respectively. 
Since: 

c ,0t = J oA2 + oB2 + °° 2 + °° 2 + ° e2 
o tot = J 52 + 32 + 22 + 12 + (0.4)2 = 6 .3 



n 


2 


3 


4 


5 


6 


7 


8 


9 


10 


D 4 


3.27 


2.57 


2.28 


2.11 


2.00 


1.92 


1.86 


1.82 


1.78 


D 3 


* 


* 


* 


* 


» 


0.08 


0.14 


0.18 


0.22 


A 2 


1.88 


1.02 


0.73 


0.58 


0.48 


0.42 


0.37 


0.34 


0.31 



* For sample sizes below 7, the LCLr would technically be a negative number; in those cases there is no lower control limit; 
this means that for a subgroup size 6, six "identical" measurements would not be unreasonable. 
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Now if only D is identified and eliminated then; 
s tot = y 52 + 32 + 22 + (0.4)2 = 6.2 

This results in less than 2% total variability improvement. 
If B, C and D were eliminated, then; 

o tot=y 52 + (0.4)2 = 5.02 

This gives a considerably better improvement of 23%. If 
only A is identified and reduced from 5 to 2, then; 
otot = y 22 + 32 + 22 + 12+ (0.4)2 =4 .3 

Identifying and improving the variability from 5 to 2 gives 
us a total variability improvement of nearly 40%. 

Most techniques may be employed to identify the primary 
assignable cause(s). Out-of-control conditions may be 
correlated to documented process changes. The product 
may be analyzed in detail using best versus worst part 
comparisons or Product Analysis Lab equipment. 
Multi-variance analysis can be used to determine the family 
of variation (positional, critical or temporal). Lastly, 
experiments may be run to test theoretical or factorial 
analysis. Whatever method is used, assignable causes must 



be identified and eliminated in the most expeditious manner 
possible. 

After assignable causes have been eliminated, new control 
limits are calculated to provide a more challenging variability 
criteria for the process. As yields and variability Improve, it 
may become more difficult to detect improvements because 
they become much smaller. When all assignable causes 
have been eliminated and the points remain within control 
limits for 25 groups, the process is said to be in a state of 
control. 

SUMMARY 

Motorola is committed to the use of STATISTICAL 
PROCESS CONTROLS. These principles, used throughout 
manufacturing, have already resulted in many significant 
improvements to the processes. Continued dedication to the 
SPC culture will allow Motorola to reach the Six Sigma and 
zero defect capability goals. SPC will further enhance the 
commitment to TOTAL CUSTOMER SATISFACTION. 
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Figure 5a. Control Chart Zones 
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Figure 5c. Two Out of Three Points in Zone A or 
Beyond Indicating Excessive Variability 
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Figure 5b. One Point Outside Control Limit 
Indicating Excessive Variability 
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Figure 5d. Four Out of Five Points in Zone B or 
Beyond Indicating Excessive Variability 
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Figure 5e. Seven Out of Eight Points In Zone C or 
Beyond Indicating Excessive Variability 
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RELIABILITY STRESS TESTS 

The following gives brief descriptions of the reliability tests 
commonly used in the reliability monitoring program. Not all 
of the tests listed are performed on each product. Other tests 
may be performed when appropriate. In addition some form 
of preconditioning may be used in conjunction with the 
following tests. 

AUTOCLAVE (aka, PRESSURE COOKER) 

Autoclave is an environmental test which measures device 
resistance to moisture penetration and the resultant effects 
of galvanic corrosion. Autoclave is a highly accelerated and 
destructive test. 
Typical Test Conditions: Ta = 121°C, rh = 100%, p = 
1 atmosphere (15 psig), t = 24 to 96 hours 
Common Failure Modes: Parametric shifts, high leakage 
and/or catastrophic 

Common Failure Mechanisms: Die corrosion or 
contaminants such as foreign material on or within the 
package materials. Poor package sealing 

HIGH HUMIDITY HIGH TEMPERATURE BIAS 
(H3TB or H3TRB) 

This is an environmental test designed to measure the 
moisture resistance of plastic encapsulated devices. A bias 
is applied to create an electrolytic cell necessary to 
accelerate corrosion of the die metallization. With time, this 
is a catastrophically destructive test. 

Typical Test Conditions: Ta = 85°C to 95°C, rh = 85% 

to 95%, Bias = 80% to 100% of Data Book max. rating, 

t = 96 to 1750 hours 

Common Failure Modes: Parametric shifts, high leakage 
and/or catastrophic 

Common Failure Mechanisms: Die corrosion or 
contaminants such as foreign material on or within the 
package materials. Poor package sealing 
Military Reference: MIL-STD-750, Method 1042 

HIGH TEMPERATURE REVERSE BIAS (HTRB) 

The purpose of this test is to align mobile ions by means 
of temperature and voltage stress to form a high-current 
leakage path between two or more junctions. 
Typical Test Conditions: Ta = 85°C to 1 50°C, Bias = 80% 
to 100% of Data Book max. rating, t = 120 to 1000 hours 
Common Failure Modes: Parametric shifts in leakage 
Common Failure Mechanisms: Ionic contamination on 
the surface or under the metallization of the die 
Military Reference: MIL-STD-750, Method 1039 

HIGH TEMPERATURE STORAGE LIFE (HTSL) 

High temperature storage life testing is performed to 
accelerate failure mechanisms which are thermally activated 
through the application of extreme temperatures. 

Typical Test Conditions: Ta = 70°C to 200°C, no bias, 

t = 24 to 2500 hours 



Reliability 

Common Failure Modes: Parametric shifts in leakage 
Common Failure Mechanisms: Bulk die and diffusion 
defects 

Military Reference: MIL-STD-750, Method 1032 

INTERMITTENT OPERATING LIFE (IOL) 

The purpose of this test is the same as SSOL in addition 
to checking the integrity of both wire and die bonds by means 
of thermal stressing. 

Typical Test Conditions: Ta = 25°C, Pd = Data Book 

maximum rating, T on = T ff = A of 50°C to 100°C, t = 42 

to 30000 cycles 

Common Failure Modes: Parametric shifts and 
catastrophic 

Common Failure Mechanisms: Foreign material, crack 
and bulk die defects, metallization, wire and die bond 
defects 

Military Reference: MIL-STD-750, Method 1037 

MECHANICAL SHOCK 

This test is used to determine the ability of the device to 
withstand a sudden change in mechanical stress due to 
abrupt changes in motion as seen in handling, transportation, 
or actual use. 

Typical Test Conditions: Acceleration = 1500 g's, 
Orientation = Xi , Yi , Y2 plane, t = 0.5 msec, Blows = 5 
Common Failure Modes: Open, short, excessive 
leakage, mechanical failure 

Common Failure Mechanisms: Die and wire bonds, 

cracked die, package defects 

Military Reference: MIL-STD-750, Method 2015 

MOISTURE RESISTANCE 

The purpose of this test is to evaluate the moisture 
resistance of components under temperature/humidity 
conditions typical of tropical environments. 

Typical Test Conditions: T A = -10°C to 65°C, rh = 80% 

to 98%, t = 24 hours/cycle, cycle = 10 

Common Failure Modes: Parametric shifts in leakage 

and mechanical failure 

Common Failure Mechanisms: Corrosion or 
contaminants on or within the package materials. Poor 
package sealing 

Military Reference: MIL-STD-750, Method 1021 

SOLDERABILITY 

The purpose of this test is to measure the ability of device 
leads/terminals to be soldered after an extended period of 
storage (shelf life). 

Typical Test Conditions: Steam aging = 8 hours, Flux 

= R, Solder = Sn60, Sn63 

Common Failure Modes: Pin holes, dewetting, 
non-wetting 

Common Failure Mechanisms: Poor plating, 
contaminated leads 

Military Reference: MIL-STD-750, Method 2026 
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SOLDER HEAT 

This test is used to measure the ability of a device to 
withstand the temperatures as may be seen in wave 
soldering operations. Electrical testing is the endpoint 
criterion for this stress. 

Typical Test Conditions: Solder Temperature = 260°C, 

t = 1 seconds 

Common Failure Modes: Parameter shifts, mechanical 
failure 

Common Failure Mechanisms: Poor package design 
Military Reference: MIL-STD-750, Method 2031 

STEADY STATE OPERATING LIFE (SSOL) 

The purpose of this test is to evaluate the bulk stability 
of the die and to generate defects resulting from 
manufacturing aberrations that are manifested as time and 
stress-dependent failures. 

Typical Test Conditions: Ta = 25°C, Pq = Data Book 

maximum rating, t = 16 to 1000 hours 

Common Failure Modes: Parametric shifts and 

catastrophic 

Common Failure Mechanisms: Foreign material, crack 
die, bulk die, metallization, wire and die bond defects 
Military Reference: MIL-STD-750, Method 1026 

TEMPERATURE CYCLING (AIR TO AIR) 

The purpose of this test is to evaluate the ability of the 
device to withstand both exposure to extreme temperatures 
and transitions between temperature extremes. This testing 
will also expose excessive thermal mismatch between 
materials. 



Typical Test Conditions: Ta = -65°C to 200°C, cycle = 
10 to 1000 

Common Failure Modes: Parametric shifts and 
catastrophic 

Common Failure Mechanisms: Wire bond, cracked or 

lifted die and package failure 

Military Reference: MIL-STD-750, Method 1051 

THERMAL SHOCK (LIQUID TO LIQUID) 

The purpose of this test is to evaluate the ability of the 
device to withstand both exposure to extreme temperatures 
and sudden transitions between temperature extremes. This 
testing will also expose excessive thermal mismatch 
between materials. 

Typical Test Conditions: Ta = 0°C to 100°C, cycles = 

10 to 1000 

Common Failure Modes: Parametric shifts and 
catastrophic 

Common Failure Mechanisms: Wire bond, cracked or 

lifted die and package failure 

Military Reference: MIL-STD-750, Method 1056 

VARIABLE FREQUENCY VIBRATION 

This test is used to examine the ability of the device to 
withstand deterioration due to mechanical resonance. 
Typical Test Conditions: Peak acceleration = 20 g's, 
Frequency range = 20 Hz to 20 kHz, t = 48 minutes. 
Common Failure Modes: Open, short, excessive 
leakage, mechanical failure 

Common Failure Mechanisms: Die and wire bonds, 

cracked die, package defects 

Military Reference: MIL-STD-750, Method 2056 



Technical Information 
11-16 



Motorola TVS/Zener Device Data 



Chapter 4 
ZENER DIODE CHARACTERISTICS 



INTRODUCTION 

At first glance the zener diode is a simple device consisting 
of one P-N junction with controlled breakdown voltage 
properties. However, when considerations are given to the 
variations of temperature coefficient, zener impedance, 
thermal time response, and capacitance, all of which are a 
function of the breakdown voltage (from 1.8 to 400 V), a 
much more complicated picture arises. In addition to the 
voltage spectrum, a variety of power packages are on the 
market with a variation of dice area inside the encapsulation. 

This chapter is devoted to sorting out the important 
considerations in a "typical" fashion. For exact details, the 
data sheets must be consulted. However, much of the 
information contained herein is supplemental to the data 
sheet curves and will broaden your understanding of zener 
diode behavior. 

Specifically, the following main subjects will be detailed: 

Basic DC Volt-Ampere Characteristics 
Impedance versus Voltage and Current 
Temperature Coefficient versus Voltage and Current 
Power Derating 
Mounting 

Thermal Time Response — Effective Thermal Impedance 
Surge Capabilities 

Frequency Response — Capacitance and Switching 



BASIC ZENER DIODE DC VOLT-AMPERE 
CHARACTERISTICS 

Reverse and forward volt-ampere curves are represented 
in Figure 1 for a typical zener diode. The three areas — 
forward, leakage, and breakdown — will each be examined. 

FORWARD DC CHARACTERISTICS 

The forward characteristics of a zener diode are essentially 
identical with an "ordinary" rectifier and is shown in Figure 
2. The volt-ampere curve follows the basic diode equation 
of \f = lReqV/KT where KT/q equals about 0.026 volts at room 
temperature and Ir (reverse leakage current) is dependent 
upon the doping levels of the P-N junction as well as the 
area. The actual plot of Vp versus lp deviates from the 
theoretical due to slightly "fixed" series resistance of the lead 
wire, bonding contacts and some bulk effects in the silicon. 



REVERSE VOLTAGE 




/ 



FORWARD CHARACTERISTIC 



FORWARD VOLTAGE 



Figure 1. Typical Zener Diode DC V-l Characteristics 
(Not to Scale) 

While the common form of the diode equation suggests 
that Ir is constant, in fact Ir is itself strongly temperature 
dependent. The rapid increase in Ir with increasing 
temperature dominates the decrease contributed by the 
exponential term in the diode equation. As a result, the 
forward current increases with increasing temperature. 
Figure 2 shows a forward characteristic temperature 
dependence for a typical zener. These curves indicate that 
for a constant current, an increase in temperature causes 
a decrease in forward voltage. The voltage temperature 
coefficient values are typically in the range of -1.4 to 
-2 mV/°C. 
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Figure 2. Typical Forward Characteristics of 
Zener Diodes 
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LEAKAGE DC CHARACTERISTICS 

When reverse voltage less than the breakdown is applied 
to a zener diode, the behavior of current is similar to any 
back-biased silicon P-N junction. Ideally, the reverse current 
would reach a level at about one volt reverse voltage and 
remain constant until breakdown is reached. There are both 
theoretical and practical reasons why the typical V-l curve 
will have a definite slope to it as seen in Figure 3. 
Multiplication effects and charge generation sites are present 
in a zener diode which dictate that reverse current (even at 
low voltages) will increase with voltage. In addition, surface 
charges are ever present across P-N junctions which appear 
to be resistive in nature. 

The leakage currents are generally less than one 
microampere at 1 50°C except with some large area devices. 
Quite often a leakage specification at 80% or so of 
breakdown voltage is used to assure low reverse currents. 
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Figure 4. Typical Zener Characteristic 
Variation with Temperature 
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Figure 3. Typical Leakage Current 
versus Voltage 



VOLTAGE BREAKDOWN 



An exaggerated view of the knee region is shown in Figure 
5. As can be seen, the breakdown or avalanche current does 
not increase suddenly, but consists of a series of smoothly 
rising current versus voltage increments each with a sudden 
break point. 




Figure 5. Exaggerated V-l Characteristics 
of the Knee Region 



At some definite reverse voltage, depending on the doping 
levels (resistivity) of the P-N junction, the current will begin 
to avalanche. This is the so-called "zener" or "breakdown" 
area and is where the device is usually biased during use. 
A typical family of breakdown curves showing the effect of 
temperature is illustrated in Figure 4. 

Between the minimum currents shown in Figure 4 and the 
leakage currents, there is the "knee" region. The avalanche 
mechanism may not occur simultaneously across the entire 
area of the P-N junction, but first at one microscopic site, 
then at an increasing number of sites as further voltage is 
applied. This action can be accounted for by the 
"microplasma discharge" theory and correlates with several 
breakdown characteristics. 



At the lowest point, the zener resistance (slope of the 
curve) would test high, but as current continues to climb, 
the resistance decreases. It is as though each discharge site 
has high resistance with each succeeding site being in 
parallel until the total resistance is very small. 

In addition to the resistive effects, the micro plasmas may 
act as noise generators. The exact process of manufacturing 
affects how high the noise will be, but in any event there 
will be some noise at the knee, and it will diminish 
considerably as current is allowed to increase. 

Since the zener impedance and the temperature 
coefficient are of prime importance when using the zener 
diode as a reference device, the next two sections will 
expand on these points. 
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ZENER IMPEDANCE 

The slope of the Vz - lz curve (in breakdown) is defined 
as zener impedance or resistance. The measurement is 
generally done with a 60 Hz (on modern, computerized 
equipment this test is being done at 1 kHz) current variation 
wh03e vaiue is 10% in rms of the dc value of the current. 
(That is, Alz peak to peak = 0.282 lz-) This is really not a 
small signal measurement but is convenient to use and gives 
repeatable results. 

The zener impedance always decreases as current 
increases, although at very high currents (usually beyond 
iZ max) the impedance will approach a constant. In contrast, 
the zener impedance decreases very rapidly with increasing 
current in the knee region. Motorola specifies most zener 
diode impedances at two points: Izt an d 'ZK- The term Izt 
usually is at the quarter power point, and Izk is an arbitrary 
low value in the knee region. Between these two points a 
plot of impedance versus current on a log-log scale is close 
to a straight line. Figure 6 shows a typical plot of Zz versus 
lz for a 20 volt-500 mW zener. The worst case impedance 
between Izt and IZK could be approximated by assuming 
a straight line function on a log-log plot; however, at currents 
above Izt or below Izk a projection of this line may give 
erroneous values. 
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Figure 6. Zener Impedance 
Zener Current 



The impedance variation with voltage is much more 
complex. First of all, zeners below 6 volts or so exhibit "field 
emission" breakdown converting to "avalanche" at higher 
currents. The two breakdowns behave somewhat differently 
with "field emission" associated with high impedance and 
negative temperature coefficients and "avalanche" with lower 
impedance and positive temperature coefficients. 

A V-l plot of several low voltage 500 mW zener diodes 
is shown in Figure 7. It is seen that at some given current 
(higher for the lower voltage types) there is a fairly sudden 
decrease in the slope of AV/Al. Apparently, this current is 
the transition from one type of breakdown to the other. Above 
6 volts the curves would show a gradual decrease of AV/Al 
rather than an abrupt change, as current is increased. 
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ZENER VOLTAGE (VOLTS) 

Figure 7. Zener Current versus Zener Voltage 
(Low Voltage Region) 

Possibly the plots shown in Figure 8 of zener impedance 
versus voltage at several constant Iz's more clearly points 
out this effect. It is obvious that zener diodes whose 
breakdowns are about 7 volts will have remarkably low 
impedance. 
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Figure 8. Dynamic Zener Impedance (Typical) 
versus Zener Voltage 

However, this is not the whole picture. A zener diode figure 
of merit as a regulator could be Zz/Vz- This would give some 
idea of what percentage change of voltage could be 
expected for some given change in current. Of course, a low 
Zz/Vz is desirable. Generally zener current must be 
decreased as voltage is increased to prevent excessive 
power dissipation; hence zener impedance will rise even 
higher and the "figure of merit" will become higher as voltage 
increases. This is the case with Izt taken as the test point. 
However, if Izk is used as a comparison level in those 
devices which keep a constant Izk over a large range of 
voltage, the "figure of merit" will exhibit a bowl-shaped curve 
— first decreasing and then increasing as voltage is 
increased. Typical plots are shown in Figure 9. The 
conclusion can be reached that for uses where wide swings 
of current may occur and the quiescent bias current must 
be high, the lower voltage zener will provide best regulation, 
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but for low power applications, the best performance could 
be obtained between 50 and 100 volts. 




50 70 90 110 
ZENER VOLTAGE (VOLTS) 
(NOTE: CURVE IS APPROXIMATE, ACTUAL 
Z Z(MAX) IS ROUNDED OFF TO NEAREST 
WHOLE NUMBER ON A DATA SHEET) 



Figure 9. Figure of Merit: Zzi 
(400 mW&10W 



versus Vz 



TEMPERATURE COEFFICIENT 

Below three volts and above eight volts the zener voltage 
change due to temperature is nearly a straight line function 
and is almost independent of current (disregarding 
self-heating effects). However, between three and eight volts 
the temperature coefficients are not a simple affair. A typical 
plot of Tc versus Vz is shown in Figure 1 0. 
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Figure 10. Temperature Coefficient versus 
Zener Voltage at 25-C Conditions Typical 

Any attempt to predict voltage changes as temperature 
changes would be very difficult on a "typical" basis. (This, 
of course, is true to a lesser degree below three volts and 
above eight volts since the curve shown is a typical one and 
slight deviations will exist with a particular zener diode.) For 
example, a zener which is 5 volts at 25°C could be from 4.9 
to 5.05 volts at 75°C depending on the current level. 
Whereas, a zener which is 9 volts at 25°C would be close 



to 9.3 volts at 75°C for all useful current levels (disregarding 
impedance effects). 

As was mentioned, the situation is further complicated by 
the normal deviation of Tc at a given current. For example, 
for 7.5 mA the normal spread of Tc (expressed in %/°C) is 
shown in Figure 11. This is based on limited samples and 
in no manner implies that all Motorola zeners between 2 and 
12 volts will exhibit this behavior. At other current levels 
similar deviations would occur. 
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Figure 11. Temperature Coefficient Spread 
versus Zener Voltage 

Obviously, all of these factors make it very difficult to 
attempt any calculation of precise voltage shift due to 
temperature. Except in devices with specified maximum T.C., 
no "worse case" design is possible. Information concerning 
the Motorola temperature compensated or reference diodes 
is given in Chapter 5. 

Typical temperature characteristics for a broad range of 
voltages is illustrated in Figure 12. This graphically shows 
the significant change in voltage for high voltage devices 
(about a 20 volt increase for a 1 00°C increase on a 200 volt 
device). 
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Figure 12. Typical Temperature 
Characteristics 
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POWER DERATING AND MOUNTING 

The zener diode like any other semiconductor has a 
maximum junction temperature. This limit is somewhat 
arbitrary and is set from a reliability viewpoint. Most 
semiconductors exhibit an increasing failure rate as 
temperature increases. At some temperature, the solder will 
melt or soften and the failure rate soars. The 1 75°C to 200°C 
junction temperature rating is quite safe from solder failures 
and still has a very low failure rate. 

In order that power dissipated in the device will never 
cause the junction to rise beyond 1 75°C or 200°C (depending 
on the device), the relation between temperature rise and 
power must be known. Of course, the thermal resistance 
( R 9JA ° r R 8JL) is the factor which relates power and 
temperature in the well known 'Thermal Ohm's Law" relation: 

AT = Tj-T A = ReJAPz (1) 



and 



where 



AT = Tj-T|_=ReJLPz 



Tj = Junction temperature 

Ta = Ambient temperature 

T|_ = Lead temperature 

RejA = Thermal resistance junction to ambient 

R 8JL = Thermal resistance junction to lead 

Pz = Zener power dissipation 

Obviously, if ambient or lead temperature is known and 
the appropriate thermal resistance for a given device is 
known, the junction temperature could be precisely 
calculated by simply measuring the zener dc current and 
voltage (Pz = IzVz). This would be helpful to calculate voltage 
change versus temperature. However, only maximum and 
typical values of thermal resistance are given for a family 
of zener diodes. So only "worst case" or typical information 
could be obtained as to voltage changes. 

The relations of equations 1 and 2 are usually expressed 
as a graphical derating of power versus the appropriate 
temperature. Maximum thermal resistance is used to 
generate the slope of the curve. An example of a 400 milliwatt 
device derated to the ambient temperature and a 1 watt 
device derated to the lead temperature are shown in Figures 
13 and 14. 
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Figure 13. 400 mW Power Temperature 
Derating Curve 
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Figure 14. Power Temperature 
Derating Curve 

A lead mounted device can have its power rating increased 
by shortening the lead length and "heatsinking" the ends of 
the leads. This effect is shown in Figure 15, for the 1N4728, 
1 watt zener diode. 

Each zener has a derating curve on its data sheet and 
steady state power can be set properly. However, 
temperature increases due to pulse use are not so easily 
calculated. The use of "Transient Thermal Resistance" would 
be required. The next section expounds upon transient 
thermal behavior as a function of time and surge power. 
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Figure 15. Typical 1N4728 Thermal 
Resistance versus Lead Length 

THERMAL TIME RESPONSE 

Early studies of zener diodes indicated that a "thermal time 
constant" existed which allowed calculation of temperature 
rise as a function of power pulse height, width, and duty 
cycle. More precise measurements have shown that 
temperature response as a function of time cannot be 
represented as a simple time constant. Although as shown 
in the preceding section, the steady state conditions are 
analogous in every way to an electrical resistance; a simple 
"thermal capacitance" placed across the resistor is not the 
true equivalent circuit. Probably a series of parallel R-C 
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networks or lumped constants representing a thermal 
transmission line would be more accurate. 

Fortunately a concept has developed in the industry 
wherein the exact thermal equivalent circuit need not be 
found. If one simply accepts the concept of a thermal 
resistance which varies with time in a predictable manner, 
the situation becomes very practical. For each family of zener 
diodes, a "worst case" transient thermal resistance curve 
may be generated. 

The main use of this transient Rqjl curve is when the zener 
is used as a clipper or a protective device. First of all, the 
power wave shape must be constructed. (Note, even though 
the power-transient thermal resistance indicates reasonable 
junction temperatures, the device still may fail if the peak 
current exceeds certain values. Apparently a current 
crowding effect occurs which causes the zener to short. This 
is discussed further in this section.) 

TRANSIENT POWER-TEMPERATURE EFFECTS 

A typical transient thermal resistance curve is shown in 
Figure 16. This is for a lead mounted device and shows the 
effect of lead length to an essentially infinite heatsink. 

To calculate the temperature rise, the power surge wave 
shape must be approximated by its rectangular equivalent 
as shown in Figure 17. In case of an essentially 
non-recurrent pulse, there would be just one pulse, and AT 
= R0T1 Pp- I" tne general case, it can be shown that 



AT = [DRejA (ss) * (1 
where 



■ D) Ren + t + Ren - ReTl Pp 



R0T 



D = Duty cycle in percent 

R 6T1 = Transient thermal resistance at the time 
equal to the pulse width 
; Transient thermal resistance at the time 
equal to pulse interval 
R 6T1 + T = Transient thermal resistance at the time 
equal to the pulse interval 
plus one more pulse width. 
ReJA(ss) or Rgjl(ss) = Steady state value of thermal 
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Figure 16. Typical Transient Thermal 
Resistance (For Axial Lead Zener) 
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Figure 17. Relation of Junction Temperature to 
Power Pulses 

This method will predict the temperature rise at the end 
of the power pulse after the chain of pulses has reached 
equilibrium. In other words, the average power will have 
caused an average temperature rise which has stabilized, 
but a temperature "ripple" is present. 

Example: (Use curve in Figure 16) 
Pp = 5 watt (Lead length 1/32*) 
D = 0.1 
Ti = 10 ms 
T = 100 ms 

ReJA(ss) m 12°C/W (for 1/32" lead length) 

Then 

RqT1 = 1.8°C/W 
R 9 T = 5.8°C/W 
R 9T 1 + T = 6°C/W 



And 

AT = 
AT = 
Or at Ta ■ 



[0.1 x12 + (1 -0.1) 6 + 1.8-5.8] 5 
13°C 

25°, Tj = 38°C peak 

SURGE FAILURES 



If no other considerations were present, it would be a 
simple matter to specify a maximum junction temperature 
no matter what pulses are present. However, as has been 
noted, apparently other fault conditions prevail. The same 
group of devices for which the transient thermal curves were 
generated were tested by subjecting them to single shot 
power pulses. A failure was defined as a significant shift of 
leakage or zener voltage, or of course opens or shorts. Each 
device was measured before and after the applied pulse. 
Most failures were shifts in zener voltage. The results are 
shown in Figure 18. 

Attempts to correlate this to the transient thermal 
resistance work quite well on a typical basis. For example, 
assuming a value for 1 ms of 90 watts and 35 watts at 10 
ms, the predicted temperature rise would be 180°C and 
190°C. But on a worst case basis, the temperature rises 
would be about one half these values or junction 
temperatures, on the order of 85°C to 105°C, which are 
obviously low. Apparently at very high power levels a current 
restriction occurs causing hot spots. There was no apparent 
correlation of zener voltage or current on the failure points 
since each group of failures contained a mixture of voltages. 



Technical Information 
11-22 



Motorola TVS/Zener Device Data 



Zener Diode Characteristics 



1000 



100 































— 






















TTTT 






























nu 


























W ' T 


'PIC 


III 

ALB 
























































n ^ 
















W( 


)RSE( 


;ae 


e- 













































































































































0.00001 0,0001 0.001 0.01 0.1 1 

TIME OF PULSE (SECONDS) 



Figure 18. One Shot Power Failure Axial 
Lead Zener Diode 



VOLTAGE VERSUS TIME 

Quite often the junction temperature is only of academic 
interest, and the designer is more concerned with the voltage 
behavior versus time. By using the transient thermal 
resistance, the power, and the temperature coefficient, the 
designer could generate Vz versus time curves. The 
Motorola zener diode test group has observed device 
voltages versus time until the thermal equilibrium was 
reached. A typical curve is shown for a lead mounted low 
wattage device in Figure 19 where the ambient temperature 
was maintained constant. It is seen that voltage stabilizes 
in about 100 seconds for 1 inch leads. 

Since information contained in this section may not be 
found on data sheets it is necessary for the designer to 
contact the factory when using a zener diode as a surge 
suppressor. Additional information on transient suppression 
application is presented elsewhere in this book. 




0.01 0.1 1 10 100 

TIME (SECONDS) 



Figure 19. Zener Voltage (Typical) versus 
Time for Step Power Pulses 
(500 mW Lead Mounted Devices) 



FREQUENCY AND PULSE CHARACTERISE 




The zener diode may be used in applications which require 
a knowledge of the frequency response of the device. Of 
main concern are the zener resistance (usually specified as 
"impedance") and the junction capacitance. The capacitance 
curves shown in this section are typical. 



ZENER CAPACITANCE 

Since zener diodes are basically PN junctions operated 
in the reverse direction, they display a capacitance that 
decreases with increasing reverse voltage. This is so 
because the effective width of the PN junction is increased 
by the removal of charges (holes and electrons) as reverse 
voltage is increased. This decrease in capacitance continues 
until the zener breakdown region is entered; very little further 
capacitance change takes place, owing to the now fixed 
voltage across the junction. The value of this capacitance 
is a function of the material resistivity, p, (amount of doping 
— which determines Vz nominal), the diameter, D, of junction 
or dice size (determines amount of power dissipation), the 
voltage across the junction Vc, and some constant, K. This 
relationship can be expressed as: 

n/~KD4 

After the junction enters the zener region, capacitance 
remains relatively fixed and the AC resistance then 
decreases with increasing zener current. 

TEST CIRCUIT CONSIDERATIONS: A capacitive bridge 
was used to measure junction capacitance. In this method 
the zener is used as one leg of a bridge that is balanced 
for both DC at a given reverse voltage and for AC (the test 
frequency 1 MHz). After balancing, the variable capacitor 
used for balancing is removed and its value measured on 
a test instrument. The value thus indicated is the zener 
capacitance at reverse voltage for which bridge balance was 
obtained. Figure 20 shows capacitance test circuit. 

Figure 21 is a plot of junction capacitance for diffused 
zener diode units versus their nominal operating voltage. 
Capacitance is the value obtained with reverse bias set at 
one-half the nominal Vz. The plot of the voltage range from 
6.8 V to 200 V, for three dice sizes, covers most Motorola 
diffused-junction zeners. Consult specific data sheets for 
capacitance values. 

Figures 22, 23, and 24 show plots of capacitance versus 
reverse voltage for units of various voltage ratings in each 
of the three dice sizes. Junction capacitance decreases as 
reverse voltage increases to the zener region. This change 
in capacitance can be expressed as a ratio which follows 
a one-third law, and C1/C2 = (V2/V1) 1 / 3 . This law holds only 
from the zener voltage down to about 1 volt, where the curve 
begins to flatten out. Figure 25 shows this for a group of 
low wattage units. 
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Figure 20. Capacitance Test Circuit 
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Figure 21. Capacitance versus Voltage 
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Figure 22. Capacitance versus 
Reverse Voltage 
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Figure 23. Capacitance versus 
Reverse Voltage 
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Figure 24. Capacitance versus 
Reverse Voltage 
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Figure 25. Flattening of Capacitance Curve at 
Low Voltages 




Figure 26. Impedance Test Circuit 



ZENER IMPEDANCE 

Zener impedance appears primarily as composed of a 
current-dependent resistance shunted by a 
voltage-dependent capacitor. Figure 26 shows the test circuit 
used to gather impedance data. This is a voltage-impedance 
ratio method of determining the unknown zener impedance. 
The operation is as follows: 

(1) Adjust for desired zener IzDC b Y observing IR drop 
across the 1-ohm current-viewing resistor R2. 

(2) Adjust IzAC to 100 nA by observing AC IR drop across 
R2. 

(3) Measure the voltage across the entire network by 
switching S1 . The ratio of these two AC voltages is then 



a measure of the impedance ratio. This can be 
expressed simply as Rx = [(E1 - E2I/B2] R2- 

Section A of S-| provides a dummy load consisting of a 
10-M resistor and a 100 pF capacitor. This network is 
required to simulate the input impedance of the AC VTVM 
while it is being used to measure the AC IR drop across R2. 

This method has been found accurate up to about three 
megahertz; above this frequency, lead inductances and strap 
capacitance become the dominant factors. 

Figure 27 shows typical impedance versus frequency 
relationships of 6.8 volt 500 mW zener diodes at various DC 
zener currents. Before the zener breakdown region is 
entered, the impedance is almost all reactive, being provided 
by a voltage-dependent capacitor shunted by a very high 
resistance. When the zener breakdown region is entered, 
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the capacitance is fixed and now is shunted by 
current-dependent resistance. For comparison, Figure 27 
also shows the plot for a 680 pF capacitor Xc, a 1K 1% 
nonreactive resistor, R, and the parallel combination of these 
two passive elements, Zj. 



10,000 



1,000 




1kHz 10 kHz 100 kHz 
FREQUENCY (Hz) 

Figure 27. Zener Impedance 
versus Frequency 



HIGH FREQUENCY AND SWITCHING 
CONSIDERATIONS 

At frequencies about 1 00 kHz or so and switching s 
above 10 microseconds, shunt capacitance of zener diodes 
begins to seriously effect their usefulness. The upper photo 
of Figure 28 shows the output waveform of a symmetrical 
peak limiter using two zener diodes back-tc-back. The 
capacitive effects are obvious here. In any application where 
the signal is recurrent, the shunt capacitance limitations can 
be overcome, as lower photo of Figure 28 shows. This is 
done by operating fast diodes in series with the zener. Upon 
application of a signal, the fast diode conducts in the forward 
direction charging the shunt zener capacitance to the level 
where the zener conducts and limits the peak. When the 
signal swings the opposite direction, the fast diode becomes 
back-biased and prevents fast discharge of shunt 
capacitance. The fast diode remains back-biased when the 
signal reverses again to the forward direction and remains 
off until the input signal rises and exceeds the charge level 
of the capacitor. When the signal exceeds this level, the fast 
diode conducts as does the zener. Thus, between 
successive cycles or pulses the charge in the shunt capacitor 
holds off the fast diode, preventing capacitive loading of the 
signal until zener breakdown is reached. Figures 29 and 30 
show this method applied to fast-pulse peak limiting. 
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Figure 28. Symmetrical Peak Limiter 
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Figure 31 is a photo of input-output pulse waveforms using 
a zener alone as a series peak clipper. The smaller output 
waveform shows the capacitive spike on the leading edge. 



Figure 32 clearly points out the advantage of the clamping 
network. 
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Figure 31. Basic Series Clipper 
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TEMPERATURE COMPENSATED ZENERS 



INTRODUCTION 

A device which provides reference voltages in a special 
manner is a reference diode. 

As was discussed in the preceding chapters, the zener 
diode has the unique characteristic of exhibiting either a 
positive or a negative temperature coefficient, or both. By 
properly employing this phenomenon in conjunction with 
other semiconductor devices, it is possible to manufacture 
a zener reference element exhibiting a very low temperature 
coefficient when properly used. This type of low temperature 
coefficient device is referred to as a reference diode. 

INTRODUCTION TO REFERENCE DIODES 

The temperature characteristics of the zener diode are 
discussed in a previous chapter, where it was shown that 
change in zener voltage with temperature can be significant 
under severe ambient temperature changes (for example, 
a 100 V zener can change 12.5 volts from to 125°C). The 
reference diode (often called the temperature compensated 
zener or the TC zener) is specially designed to minimize 
these specific temperature effects. 

Design of temperature compensated zeners make 
possible devices with voltage changes as low as 5 mV from 
-55 to +100°C, consequently, the advantages of the 
temperature compensated zener are obvious. In critical 
applications, as a voltage reference in precision dc power 
supplies, in high stability oscillators, in digital voltmeters, in 
frequency meters, in analog-to-digital converters, or in other 
precision equipment, the temperature compensated zener 
is a necessity. 

Conceivably temperature compensated devices can be 
designed for any voltage but present devices with optimum 
voltage temperature characteristics are limited to specific 
voltages. Each family of temperature compensated zeners 
is designed by careful selection of its integral parts with 
special attention to the use conditions (temperature range 
and current). A distinct operating current is associated with 
each device. Consequently, changes from the specified 
operating current can only degrade the voltage-temperature 
relationships. This will be discussed in more detail later. 

The device "drift" or voltage-time stability is critical in some 
reference applications. Typically zeners and TC zeners offer 
stability of better than 500 parts per million per 1000 hours. 



TEMPERATURE CHARACTERISTICS OF THE P-N 
JUNCTION AND COMPENSATION 

The voltage of a forward biased P-N junction, at a specific 
current, will decrease with increasing temperature. Thus, a 
device so biased displays a negative temperature coefficient 
(Figure 1). A P-N junction in avalanche (above 5 volts 
breakdown) will display a positive temperature coefficient; 
that is, voltage will increase as temperature increases. Due 
to energy levels of a junction which breaks down below 5 
volts, the temperature coefficient is negative. 

It follows that various combinations of forward biased 
junctions and reverse biased junctions may be arranged to 
achieve temperature compensation. From Figure 2 it can be 
seen that if the absolute value of voltage change (AV) is the 
same for both the forward biased diode and the zener diode 
where the temperature has gone from 25°C to 1 00°C, then 
the total voltage across the combination will be the same 
at both temperatures since one AV is negative and the other 
positive. Furthermore, if the rate of increase (or decrease) 
is the same throughout the temperature change, voltage will 
remain constant. The non-linearity associated with the 
voltage temperature characteristics is a result of this rate 
of change not being a perfect match. 

Vref = Vz + AVz + Vd - AVq 

THE METHODS OF TEMPERATURE 
COMPENSATION 

The effect of temperature is shown in Figure 1 . The forward 
characteristic does not vary significantly with reverse voltage 
breakdown (zener voltage) rating. A change in ambient 
temperature from 25° to 100°C produces a shift in the 
forward curve in the direction of lower voltage (a negative 
temperature coefficient — in this case about 150 mV 
change), while the same temperature change produces 
approximately 1 .9 V increase in the zener voltage (a positive 
coefficient). By combining one or more silicon diodes biased 
in the forward direction with the P-N biased zener diode as 
shown in Figure 3, it is possible to compensate almost 
completely for the zener temperature coefficient. Obviously, 
with the example shown, 13 junctions would be needed. 
Usually reference diodes are low voltage devices, using 
zeners with 6 to 8 volts breakdown and one or two forward 
diodes. 
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Figure 1. Effects of Temperature on Zener Diode Characteristics 
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Figure 2. Principle of Temperature Compensation 
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Figure 3. Zener Temperature Compensation with Silicon Forward Junctions 
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In ac regulator and clipper circuits where zener diodes are 
normally connected cathode to cathode, the forward biased 
diode during each half cycle can be chosen with the correct 
forward temperature coefficient (by stacking, etc.) to correctly 
compensate for the temperature coefficient of the 
reverse-biased zener diode. It is possible to compensate for 
voltage drift with temperature using this method to the extent 
that zener voltage stabilities on the order of 0.001 %/°C are 
quite feasible. 

This technique is sometimes employed where higher 
wattage devices are required or where the zener is 
compensated by the emitter base junction of a transistor 
stage. Consider the example of using discrete components, 
1N4001 rectifier and Motorola 5 Watt zener, to obtain 
compensated voltage-temperature characteristics. 
Examination of the curve in Figure 4 indicates that a 10 volt 
zener diode exhibits a temperature coefficient of 
approximately +5.5 mV/°C. At a current level of 100 mA a 
temperature coefficient of approximately -2.0 mV/°C is 
characteristic of the 1 N4001 rectifiers. A series connection 
of three silicon 1N4001 rectifiers produces a total 
temperature coefficient of approximately -6 mV/°C and a 
total forward drop of approximately 2.17 volts at 25°C. The 
combination of three silicon rectifiers and the 10 volt zener 
diode produces a device with a coefficient of approximately 
-0.5 mV/°C and a total breakdown voltage at 100 mA of 
approximately 12.2 volts. Calculation shows this to be a 
temperature stability of -0.004%/°C. 



/ -0.5 mV/°C \ 
[ 12.2 V ) 



x 100 



The temperature compensated zener employs the 
technique of specially selected dice. This provides optimum 
voltage temperature characteristics by close control of dice 
resistivities. 
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TEMPERATURE COEFFICIENT STABILITY 

Figure 5 shows the voltage-temperature characteristics of 
the TC diode. It can be seen that the voltage drops slightly 
with increasing temperature. 
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Figure 5. Voltage versus Temperature, 

Typical for Motorola 1 N827 
Temperature Compensated Zener Diode 



This non-linearity of the voltage temperature characteristic 
leads to a definition of a representative design parameter 
AVz- For each device type there is a specified maximum 
change allowable. The voltage temperature stability 
measurement consists of voltage measurement at specified 
temperatures (for the 1N821 Series the temperatures are 
-55, 0, +25, +75, and +100°C). The voltage readings at each 
of the temperatures is compared with readings at the other 
temperatures and the largest voltage change between any 
of the specified temperatures determines the exact device 
type. For devices registered prior to complete definition of 
the voltage temperature stability measurement, the allowable 
maximum voltage change over the temperature range is 
derived from the calculation converting %/°C to mV over the 
temperature range. Under this standard definition, %/°C is 
merely a nomenclature and the meaningful allowable voltage 
deviation to be expected becomes the designed parameter. 
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CURRENT 

Thus far, temperature compensated zeners have been 
discussed mainly with regard to temperature and voltage. 
However, the underlying assumption throughout the previous 
discussion was that current remained constant. 

There is a significant change in the temperature coefficient 
of a unit depending on how much above or below the test 
current the device is operated. 

A particular unit with a 0.01 %/°C temperature coefficient 
at 7.5 mA over a temperature range of -55°C to +100 t 'C 
could possibly have a 0.0005%/°C temperature coefficient 
at 11 mA. In fact, there is a particular current which can be 
determined for each individual unit that will give the lowest 
TC. 

Manufacturing processes are designed so that the yields 
of low TC units are high at the test specification for current. 
A unit with a high TC at the test current can have a low TC 
at some other current. A look at the volt-ampere curves at 
different temperatures illustrates this point clearly (see Figure 
6). 



z£9 




Figure 6. Voltage-Ampere Curves Showing Crossover 
at A 



the three curves intersect at A, then operation at Ia 
in the least amount of voltage deviation due to 
temperature from the +25°C voltage. At Ib and lc there are 
greater excursions (AVg and AVc) from the +25°C voltage 
as temperature increases or decreases. 

THE EFFECTS OF POOR CURRENT REGULATION 

If current shifts (randomly or as a function of temperature), 
then an area of operation can be defined for the temperature 
compensated zener. 

Once again the curves are drawn, this time a shaded area 
is shown on the graph. The upper and lower extremities 
denote the maximum current values generated by the current 
supply while the voltage extremes at each current are shown 
by the left and right sides of the area, shown in Figure 7. 




Figure 7. Effects of Poorly Regulated Current 

The three volt-ampere curves do not usually cross over 
at exactly the same point. However, this does not take away 
from the argument that current regulation is probably the 
most critical consideration when using 
temperature-compensated units. 

ZENER IMPEDANCE AND CURRENT 
REGULATION 

Zener impedance is defined as the slope of the V-l curve 
at the test point corresponding to the test current. It is 
measured by superimposing a small ac current on the dc 
test current and then measuring the resulting ac voltage. This 
procedure is identical with that used for regular zeners. 

Impedance changes with temperature, but the variation 
is usually small and it can be assumed that the amount of 
current regulation needed at +25°C will be the same for other 
temperatures. 

As an example, one might want to determine the amount 
of current regulation necessary for the device described 
below when the maximum deviation in voltage due to current 
variation is ±5 millivolts. 

Vzt = 6.32 V 
IZT = 7.5 mA 
ZzT= 15Q@+25°C 
AV . AI VZzt 
0.005 = AIV1 5 
0.005 



Al 



15 



■ 0.33 mA 



Therefore, the current cannot vary more than 0.33 mA. 
The amount of current regulation necessary is: 
0.33 



7.5 



x 1 00% = 4.5% regulation. 



If the device of Figure 5 is considered to be the device 
used in the preceding discussion, it becomes apparent that 
on the average more voltage variation is due to current 
fluctuation than is due to temperature variation. Therefore, 
to obtain a truly stable reference source, the device must 
be driven from a constant current source. 
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BASIC VOLTAGE REGULATION USING ZENER DIODES 



BASIC CONCEPTS OF REGULATION 

The purpose of any regulator circuit is to minimize output 
variations with respect to variations in input, temperature, 
and load requirements. The most obvious use of a regulator 
is in the design of a power supply, but any circuit that 
incorporates regulatory technique to give a controlled output 
or function can be considered as a regulator. In general, to 
provide a regulated output voltage, electronic circuitry will 
be used to pass an output voltage that is significantly lower 
than the input voltage and block all voltage in excess of the 
desired output. Allocations should also be made in the 
regulation circuitry to maintain this output voltage for 
variation in load current demand. 

There are some basic rules of thumb for the electrical 
requirements of the electronic circuitry in order for it to 
provide regulation. Number one, the output impedance 
should be kept as low as possible. Number two, a controlling 
reference needs to be established that is relatively 
insensitive to the prevailing variables. In order to illustrate 
the importance of these rules, an analysis of some simple 
regulator circuits will point out the validity of the statements. 
The circuit of Figure 1 can be considered a regulator. This 
circuit will serve to illustrate the importance of a low output 
impedance. 

The resistors Rs and Rr can be considered as the source 
and regulator impedances, respectively. 
The output of the circuit is: 

(1) 



v w RrRl //„ RrRl \ V| 
Rr^Rl / ( + RR + rljT ) = Rs R£ 
R L + Rr 



+ 1 




Figure 1. Shunt Resistance Regulator 

For a given incremental change in V|, the changes in Vo 
will be: 



AVq = AV| 



\^ + ^ + 1 ) 

V Rl Rr / 



(2) 



Assuming R|_ fixed at some constant value, it is obvious 
from equation (2) that in order to minimize changes in Vo 
for variations in V], the shunt resistor Rr should be made 



as small as possible with respect to the source resistor Rs. 
Obviously, the better this relation becomes, the larger V| is 
going to have to be for the same Vo, and not until the ratio 
of Rs to Rr reaches infinity will the output be held entirely 
constant for variation in V|. This, of course, is an impossibility, 
but it does stress the fact that the regulation improves as 
the output impedance becomes lower and lower. Where the 
output impedance of Figure 1 is given by 



Rq- 



RsRr 
Rs + Rr 



(3) 



It is apparent from this relation that as regulation is 
improving with Rs increasing and Rr decreasing the output 
impedance Ro is decreasing, and is approximately equal to 
Rr as the ratio is 10 times or greater. The regulation of this 
circuit can be greatly improved by inserting a reference 
source of voltage in series with Rr such as Figure 2. 




Figure 2. Regulator with Battery Reference Source 

The resistance Rr represents the internal impedance of 
the battery. For this circuit, the output is 



V = Vr + V, 



Rs . Rs 



(4) 



rl Rr 



+ 1 



Then for incremental changes in the input V|, the changes 
in Vo will be dependent on the second term of equation (4), 
which again makes the regulation dependent on the ratio 
of Rs to Rr. Where changes in the output voltage or the 
regulation of the circuit in Figure 1 were directly and solely 
dependent upon the input voltage and output impedance, 
the regulation of circuit 2 will have an output that varies about 
the reference source Vr in accordance with the magnitude 
of battery resistance Rr and its fluctuations for changes in 
V|. Theoretically, if a perfect battery were used, that is, Vr 
is constant and Rr is zero, the circuit would be a perfect 
regulator. In other words, in line with the basic rules of thumb 
the circuit exhibits optimum regulation with an output 
impedance of zero, and a constant reference source. 

For regulator application, a zener diode can be used 
instead of a battery with a number of advantages. A battery's 
resistance and nominal voltage will change with age and load 
demand; the Motorola zener diode characteristics remain 
unchanged when operating within its specified limits. Any 
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voltage value from a couple of volts to hundreds of volts is 
available with zener diodes, where conventional batteries are 
limited in the nominal values available. Also, the zener 
presents a definite size advantage, and is less expensive 
than a battery because it is permanent and need not be 
regularly replaced. The basic zener diode shunt regulator 
circuit is shown in Figure 3. 



to WV 




Figure 3. Basic Zener Diode Shunt Regulator 

Depending upon the operating conditions of the device, 
a zener diode will exhibit some relatively low zener 
impedance Rz and have a specified breakover voltage of 
Vz that is essentially constant. These inherent characteristics 
make the zener diode suited for voltage regulator 
applications. 

DESIGNING THE ZENER SHUNT REGULATOR 

For any given application of a zener diode shunt regulator, 
it will be required to know the input voltage variations and 
output load requirements. The calculation of component 
values will be directly dependent upon the circuit 
requirements. The input may be constant or have maximum 
and minimum values depending upon the natural regulation 
or waveform of the supply source. The output voltage will 
be determined by the designer's choice of Vz and the circuit 
requirements. The actual value of Vz will be dependent upon 
the manufacturer's tolerance and some small variation for 
different zener currents and operating temperatures. 

For all practical purposes, the value of Vz as specified on 
the manufacturer's data sheet can be used to approximate 
Vo in computing component values. The requirement for load 
current will be known and will vary within some given range 

of l|_(min) to iL(max)- 

The design objective of Figure 3 is to determine the proper 
values of the series resistance, Rs, and zener power 
dissipation, Pz- A general solution for these values can be 
developed as follows, when the following conditions are 
known: 

V| (input voltage) from V|( m j n ) to V|( max ) 
Vo (output voltage) from Vz(min) to Vz(max) 
l|_ (load current) from l|_(min) to l|_(max) 

The value of Rs must be of such a value so that the zener 
current will not drop below a minimum value of Iz(min)- This 
minimum zener current is mandatory to keep the device in 



the breakover region in order to maintain the zener voltage 
reference. The minimum current can be either chosen at 
some point beyond the knee or found on the manufacturer's 
data sheet (Izk)- The basic voltage loop equation for this 
circuit is: 



V| = (lz + URs + V Z 



(5) 



The minimum zener current will occur when V| is minimum, 
Vz is maximum, and l[_ is maximum, then solving for Rs, we 
have: 



V|(min)-VZ(max) 
IZ(min) + iL(max) 



(6) 



Having found Rs, we can determine the maximum power 
dissipation Pz for the zener diode. 



Where: 

Iz(max) 



PZ(max) = IZ(max) Vz(max) <7) 
--lL(min) (°> 



Rs 



Therefore: 



PZ(max) = 



Vl(max) - VZ(min) 

Rs 



m 



-lL(min) Vz(max) 



Once the basic regulator components values have been 
determined, adequate considerations will have to be given 
to the variation in Vo- The changes in Vo are a function of 
four different factors; namely, changes in V|, l|_, temperature, 
and the value of zener impedance, Rz- These changes in 
Vq can be expressed as: 



AV = 



AV| 



1 + Rs Rs 
Rz + RL 



RsRz 
Rs + Rz 



AIl + TCATVz (10) 



The value of AVo as calculated with equation (10) will quite 
probably be slightly different from the actual value when 
measured empirically. For all practical purposes though, this 
difference will be insignificant for regulator designs utilizing 
the conventional commercial line of zener diodes. 

Obviously to precisely predict AVo witn a 9 iven zener 
diode, exact information would be needed about the zener 
impedance and temperature coefficient throughout the 
variation of zener current. The "worst case" change can only 
be approximated by using maximum zener impedance and 
with typical temperature coefficient. 

The basic zener shunt regulator can be modified to 
minimize the effects of each term in the regulation equation 
(10). Taking one term at a time, it is apparent that the 
regulation or changes in output AVo wil1 be improved if the 
magnitude of AV| is reduced. A practical and widely used 
technique to reduce input variation is to cascade zener shunt 
regulators such as shown in Figure 4. 
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Figure 4. Cascaded Zener Shunt Regulators Reduce 
aVq by Reducing AV| to the Succeeding Stages 



This, in essence, is a regulator driven with a pre-regulator 
so that the over all regulation is the product of both. The 
regulation or changes in output voltage is determined by: 



AVq = 



AVZI 



RS2 RS2 

'^-rT + Rzi 

Al[_ + TC2 ATVZ2 



RS2»Z2 
R S2 + R Z2 



(11) 



Where: 



AVzi = AVq' = 



AV| 



1 + 



RS1 RS1 

Rl' + Rzi 

AIl' + TCi ATV Z1 



RsiRzi 
Rsi + Rzi 



(12) 



Rl' = RS2 + 



R LRZ2 
R L + RZ2 



and l[_' = l| + I79 



The changes in output with respect to changes in input 
for both stages assuming the temperature and load are 
constant is 



AVq AVq 



AV Z 1 " AVo' 
AVq' 



1 Regulation of second stage 



AV| 



■ Regulation of first stage 



^ = fv^y x Iwf = Combined regulation 



(13) 



(14) 



(15) 



Obviously, this technique will vastly improve overall 
regulation where the input fluctuates over a relatively wide 
range. As an example, let's say the input varies by ±20% 
and the regulation of each individual stage reduces the 
variation by a factor of 1/20. This then gives an overall output 
variation of ±20% x (1/20)2 or ±0.05%. 

The next two factors in equation (10) affecting regulation 
are changes in load current and temperature excursions. In 
order to minimize changes for load current variation, the 
output impedance RzRsA R Z + Rs) wil1 nave to be reduced. 
This can only be done by having a lower zener impedance 
because the value of Rs is fixed by circuit requirements. 
There are basically two ways that a lower zener impedance 
can be achieved. One, a higher wattage device can be used 
which allows for an increase in zener current of which will 
reduce the impedance. The other technique is to series lower 
voltage devices to obtain the desired equivalent voltage, so 



that the sum of the impedance is less than that for a single 
high voltage device. So to speak, this technique will kill two 
birds with one stone, as it can also be used to minimize 
temperature induced variations of the regulator. 

In most regulator applications, the single most detrimental 
factor affecting regulation is that of variation in junction 
temperature. The junction temperature is a function of both 
the ambient temperature and that of self heating. In order 
to illustrate how the overall temperature coefficient is 
improved with series lower voltage zener, a mathematical 
relationship can be developed. Consider the diagram of 
Figure 5. 




Figure 5. Series Zener Improve Dynamic Impedance 
and Temperature Coefficient 

With the temperature coefficient TC defined as the % change 
per °C, the change in output for a given temperature range 
will equal some overall TC x AT x Total Vz. Such as 



AVq(AT) = TC AT (V Z1 + V Z2 + . . . + Vzn) 



(16) 



Obviously, the change in output will also be equal to the 
sum of the changes as attributed from each zener. 

AVO(AT) = ATfTCi V Z1 + TC 2 VZ2 + • • • + TCnVzn) (17) 

Setting the two equations equal to each other and solving 
for the overall TC, we get 

TCAT(V Z 1 + VZ2 + . . . + V ZN ) = AT(Td V Z1 „ 
+ TC2V22 + . . . + TC N V ZN ) 1 ' 



TC = 



TC1 V Z 1 + TC2V2 ■ 



* TC N V Z N 



VZ1 + VZ2 ' 



■vzn 



(19) 



For equation (19) the overall temperature coefficient for 
any combination of series zeners can be calculated. Say for 
instance several identical zeners in series replace a single 
higher voltage zener. The new overall temperature coefficient 
will now be that of one of the low voltage devices. This allows 
the designer to go to the manufacturer's data sheet and 
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of using multiple devices will also yield a lower dynamic 
impedance. Advantages of this technique are best 
demonstrated by example. Consider a 5 watt diode with a 
nominal zener voltage of 10 volts exhibits approximately 
0.055% change in voltage per degree centrigrade, a 20 volt 
unit approximately 0.075%/°C, and a 100 volt unit 
approximately 0.1%/°C. In the case of the 100 volt diode, 
five 20 volt diodes could be connected together to provide 
the correct voltage reference, but the overall temperature 
coefficient would remain that of the low voltage units, i.e. 
0.075%/°C. It should also be noted that the same series 
combination improves the overall zener impedance in 
addition to the temperature coefficient. A 20 volt, 5 watt 
Motorola zener diode has a maximum zener impedance of 
3 ohms, compared to the 90 ohms impedance which is 
maximum for a 100 volt unit. Although these impedances 
are measured at different current levels, the series 
impedance of five 20 volt zener diodes is still much lower 
than that of a single 100 volt zener diode at the test current 
specified on the data sheet. 

For the ultimate in zener shunt regulator performance, the 
aforementioned techniques can be combined with the proper 
selection of devices to yield an overall improvement in 
regulation. For instance, a multiple string of low voltage zener 
diodes can be used as a preregulator, with a series 
combination of zero TC reference diodes in the final stage 
such as Figure 6. 

The first stage will reduce the large variation in V| to some 
relatively low level, i.e. AVz- This AV Z is optimized by utilizing 
a series combination of zeners to reduce the overall TC and 
AV Z . Because of this small fluctuation of input to the second 
stage, and if Rl is constant, the biasing current of the TC 
units can be maintained at their specified level. This will give 
an output that is very precise and not significantly affected 
by changes in input voltage or junction temperature. 




Figure 6. Series Zeners Cascaded With Series 
Reference Diodes for Improved Zener 
Shunt Regulation 

The basic zener shunt regulator exhibits some inherent 
limitations to the designer. First of all, the zener is limited 
to its particular power dissipating rating which may be less 
than the required amount for a particular situation. The total 
magnitude of dissipation can be increased to some degree 
by utilizing series or parallel units. Zeners in series present 



this tecnnique can oe useu is oi ny i boh ioiou uy a ■= 
of circuit parameters and cost. On the other hand, caution 
must be taken when attempting to parallel zener diodes. If 
the devices are not closely matched so that they all break 
over at the same voltage, the low voltage device will go into 
conduction first and ultimately carry all the current. In order 
to avoid this situation, the diodes should be matched for 
equal current sharing. 

EXTENDING POWER AND CURRENT RANGE 

The most common practice for extending the power 
handling capabilities of a regulator is to incorporate 
transistors in the design. This technique is discussed in detail 
in the following sections of this chapter. The second 
disadvantage to the basic zener shunt regulator is that 
because the device does not have a gain function, a 
feedback system is not possible with just the zener resistor 
combination. For very precise regulators, the design will 
normally be an electronic circuit consisting of transistor 
devices for control, probably a closed loop feedback system 
with a zener device as the basic referencing element. 

The concept of regulation can be further extended and 
improved with the addition of transistors as the power 
absorbing elements to the zener diodes establishing a 
reference. There are three basic techniques used that 
combine zener diodes and transistors for voltage regulation. 
The shunt transistor type shown in Figure 7 will extend the 
power handling capabilities of the basic shunt regulator, and 
exhibit marked improvement in regulation. 




Figure 7. Basic Transistor Shunt Regulator 

In this configuration the source resistance must be large 
enough to absorb the overvoltage in the same manner as 
in the conventional zener shunt regulator. Most of the shunt 
regulating current in this circuit will pass through the 
transistor reducing the current requirements of the zener 
diode by essentially the dc current gain of the transistor hpE- 
Where the total regulating shunt current is; 



where 
therefore 



l s = l z+ l c = l z+ l B h FE 

!Z = !b + IRB and Ib» Irb 
IS - lz + IZ n FE = IZ d + n FE) (20) 
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The output voltage is the reference voltage Vz plus the 
forward junction drop from base to emitter Vbe ° f * n e 
transistor. 



Vo = V Z + V B E 



(21) 



The values of components and their operating condition 
is dictated by the specific input and output requirements and 
the characteristics of the designer's chosen devices, as 
shown in the following relations: 



Rs = 



V|(min) ~ VQ(max) 



IZ(min) [1+hFE(min)l + 'L(max) 

R V|(min)-VZ(max) 
IZ(min) 

PDZ = IZ(max) Vz(max) 



when 



= l V|(maX) R S V ° (min) 



(22) 



(23) 



(24) 



(25) 



'Umin)] (l + h FE (min)) 



hence 



(26) 

"""rs Wl " ' L(min) ] (^Sin)) 



V|(max) ~ VQ(min) 



PD Q ^[ V|(maX) - s VO(min) -l L( min)](VO(max) 



(27) 



Regulation with this circuit is derived in essentially the 
same manner as in the shunt zener circuit, where the output 
impedance is low and the output voltage is a function of the 
reference voltage. The regulation is improved with this 
configuration because the small signal output impedance is 
reduced by the gain of Qi by 1/hFE- 

One other highly desirable feature of this type of regulator 
is that the output is somewhat self compensating for 
temperature changes by the opposing changes in Vz and 
Vbe ' or Vz " 10 volts. With the zener having a positive 2 
mV/°C TC and the transistor base to emitter being a negative 
2 mV/°C TC, therefore, a change in one is cancelled by the 
change in the other. Even though this circuit is a very 
effective regulator it is somewhat undesirable from an 
efficiency standpoint. Because the magnitude of Rs is 
required to be large, and it must carry the entire input current, 
a large percentage of power is lost from input to output. 



EMITTER FOLLOWER REGULATOR 

Another basic technique of transistor-zener regulation is 
that of the emitter follower type shown in Figure 8. 




Figure 8. Emitter Follower Regulator 

This circuit has the desirable feature of using a series 
transistor to absorb overvoltages instead of a large fixed 
resistor, thereby giving a significant improvement in 
efficiency over the shunt type regulator. The transistor must 
be capable of carrying the entire load current and 
withstanding voltages equal to the input voltage minus the 
load voltage. This, of course, imposes a much more stringent 
power handling requirement upon the transistor than was 
required in the shunt regulator. The output voltage is a 
function of the zener reference voltage and the base to 
emitter drop of Qi as expressed by the equation (28). 



V = Vz-V B E 



(28) 



The load current is approximately equal to the transistor 
collector current, such as shown in equation (29). 



'Umax) - !C(max) 



(29) 



The designer must select a transistor that will meet the 
following basic requirements: 

PD = (V|(max)-Vo)l|_(max) 



(30) 



BV C ESS(V|(m ax )-Vo) 



Depending upon the designer's choice of a transistor and 
the imposed circuit requirements, the operation conditions 
of the circuit are expressed by the following equations: 

v z = v + v B E 

= Vo + lL(max)/9FE(min) @ l|_(max) 



V|(min) - VZ ~ VCE(min) @ 'L(max) 
iL(max) 



(31) 



Where Vc E (min) is an arbitrary value of minimum collector 
to emitter voltage and gFE is the transconductance. 

This is sufficient to keep the transistor out of saturation, 
which is usually about 2 volts. 
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Rb = 



VCE(min) @ iL(max) 



lL(max)/hFE(min) @ iL(max) + IZ(min) 



V|(max) -Vz 
'Z(max) = r b + Rz 



PDZ = IZ(max)Vz 



(32) 
(33) 
(34) 

Actual Pqq = (V|( m ax) - Vo) iL(max) (35) 

There are two primary factors that effect the regulation 
most in a circuit of this type. First of all, the zener current 
may vary over a considerable range as the input changes 
from minimum to maximum and this, of course, may have 
a significant effect on the value of Vz and therefore Vo- 
Secondly, Vz and Vbe will both be effected by temperature 
changes which are additive on their effect of output voltage. 
This can be seen by altering equation (28) to show changes 
in Vo as dependent on temperature, see equation (36). 



VO(AT)=AT[( + TC) V Z -(-TC) V BE ] 



(36) 



The effects of these detrimental factors can be minimized 
by replacing the bleeder resistor Rb with a constant current 
source and the zener with a reference diode in series with 
a forward biased diode (see Figure 9). 



o — Wr 
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Figure 9. Improved Emitter Follower Regulator 

The constant current source can be either a current limiter 
diode or a transistor source. The current limiter diode is 
ideally suited for applications of this type, because it will 
supply the same biasing current irregardless of collector to 
base voltage swing as long as it is within the voltage limits 
of the device. This technique will overcome changes in Vz 
for changes in lz and temperature, but changes in Vbe due 
to load current changes are still directly reflected upon the 



output. This can be reduced somewhat by combining a 
transistor with the zener for the shunt control element as 
illustrated in Figure 10. 
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Figure 10. Series Pass Regulator 

This is the third basic technique used for transistor-zener 
regulators. This technique or at least a variation of it, finds 
the widest use in practical applications. In this circuit the 
transistor Qi is still the series control device operating as 
an emitter follower. The output voltage is now established 
by the transistor Q2 base to emitter voltage and the zener 
voltage. Because the zener is only supplying base drive to 
Q2, and it derives its bias from the output, the zener current 
remains essential constant, which minimizes changes in Vz 
due to lz excursions. Also, it may be possible (Vz => 10 V) 
to match the zener to the base-emitter junction of Q2 for an 
output that is insensitive to temperature changes. The 
constant current source looks like a very high load 
impedance to the collector of Q2 thus assuming a very high 
voltage gain. There are three primary advantages gained 
with this configuration over the basic emitter follower: 

1 . The increased voltage gain of the circuit with the addition 

of Q.2 will improve regulation for changes in both load and 
input. 

2. The zener current excursions are reduced, thereby 
improving regulation. 

3. For certain voltages the configuration allows good 
temperature compensation by matching the 
temperature characteristics of the zener to the 
base-emitter junction of Q2. 

The series pass regulator is superior to the other transistor 
regulators thus far discussed. It has good efficiency, better 
stability and regulation, and is simple enough to be 
economically practical for a large percentage of applications. 
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Figure 11. Block Diagram of Regulator with Feedback 



EMPLOYING FEEDBACK FOR 
OPTIMUM REGULATION 

The regulators discussed thus far do not employ any 
feedback techniques for precise control and compensation 
and, therefore, find limited use where an ultra precise 
regulator is required. In the more sophisticated regulators 
some form of error detection is incorporated and amplified 
through a feedback network to closely control the power 
elements as illustrated in the block diagram of Figure 11. 

Regulating circuits of this type will vary in complexity and 
configuration from application to application. This technique 
can best be illustrated with a couple of actual circuits of this 
type. The feedback regulators will generally be some form 
of series pass regulator, for optimum performance and 
efficiency. A practical circuit of this type that is extensively 
utilized is shown in Figure 12. 



In this circuit, the zener establishes a reference level for 
the differential amplifier composed of Q4 and Q5 which will 
set the base drive for the control transistor Q3 to regulate 
the series high gain transistor combination of Q1 and Q2. 
The differential amplifier samples the output at the voltage 
dividing network of Rs, Rg, and Rio- This is compared to 
the reference voltage provided by the zener Z1 . The 
difference, if any, is amplified and fed back to the control 
elements. By adjusting the potentiometer, Rg, the output level 
can be set to any desired value within the range of the supply. 
(The output voltage is set by the relation Vo = Vz[(Rx + 
RY)/Rx1-) By matching the transistor Q4 and Q5 for variations 
in VgE and gain with temperature changes and incorporating 
a temperature compensated diode as the reference, the 
circuit will be ultra stable to temperature effects. The 
regulation and stability of this circuit is very good, and for 
this reason is used in a large percentage of commercial 
power supplies. 




Figure 12. Series Pass Regulator with Error Detection and Feedback 
Amplification Derived from a Differential Amplifier 
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Figure 13. Series Pass Regulator with Temperature Compensated Reference Amplifier 



Another variation of the feedback series pass regulator 
is shown in Figure 13. This circuit incorporates a stable 
temperature compensated reference amplifier as the primary 
control element. 

This circuit also employs error detection and amplified 
feedback compensation. It is an improved version over the 
basic series pass regulator shown in Figure 10. The series 
element is composed of a Darlington high gain configuration 
formed by Qi and Q2 for an improved regulation factor. The 
combined gain of the reference amplifier and Q3 is 
incorporated to control the series unit. This reduced the 
required collector current change of the reference amplifier 
to control the regulator so that the bias current remains close 
to the specified current for low temperature coefficient. Also 
the germanium diode D1 will compensate for the base to 
emitter change in Q3 and keep the reference amplifier 
collector biasing current fairly constant with temperature 
changes. Proper biasing of the zener and transistor in the 
reference amplifier must be adhered to if the output voltage 
changes are to be minimized. 



CONSTANT CURRENT SOURCES FOR 
REGULATOR APPLICATIONS 

Several places throughout this chapter emphasize the 
need for maintaining a constant current level in the various 
biasing circuits for optimum regulation. As was mentioned 
previously in the discussion on the basic series pass 
regulator, the current limiter diode can be effectively used 
for the purpose. 

Aside from the current limiter diode a transistorized source 
can be used. A widely used technique is shown incorporated 
in a basic series pass regulator in Figure 14. 

The circuit is used as a preregulated current source to 
supply the biasing current to the transistor Q2. The constant 
current circuit is seldom used alone, but does find wide use 
in conjunction with voltage regulators to supply biasing 
current to transistors or reference diodes for stable operation. 
The Zener Z2 establishes a fixed voltage across Rrf and the 
base to emitter of Q3. This gives an emitter current of Ie = 
(Vz - VbeV^E whicn wil1 varv on| y slightly for changes in 
input voltage and temperature. 





Figure 14. Constant Current Source Incorporated 
In a Basic Regulator Circuit 



Technical Information 
11-40 



Motorola TVS/Zener Device Data 



Basic Voltage Regulation Using Zener Diodes 



IMPEDANCE CANCELLATION 

One of the most common applications of zener diodes is 
in the general category of reference voltage supplies. The 
function of the zener diode in such applications is to provide 
a stable reference voltage during input voltage variations. 
This function is complicated by the zener diode impedance, 
which effectively causes an incremental change in zener 
breakdown voltage with changing zener current. 



R 2 

-wv- 



I 



Figure 15. Impedance Cancellation with An 
Uncompensated Zener 

It is possible, however, by employing a bridge type circuit 
which includes the zener diode and current regulating 
resistance in its branch legs, to effectively cancel the effect 
of the zener impedance. Consider the circuit of Figure 15 
as an example. This is the common configuration for a zener 
diode voltage regulating system. The zener impedance at 
20 mA of a 1 N4740 diode is typically 2 ohms. If the supply 
voltage now changes from 30 V to 40 V, the diode current 
determined by Ri changes from 20 to 30 mA; the average 
zener impedance becomes 1.9 ohms; and the reference 
voltage shifts by 19 mV. This represents a reference change 
of .19%, an amount far too large for an input change of 30% 
in most reference supplies. 

The effect of zener impedance change with current is 
relatively small for most input changes and will be neglected 
for this analysis. Assuming constant zener impedance, the 
zener voltage is approximated by 



Equation 40 merely states that the change in reference 
voltage with input tends to zero when the zener impedance 
tends also to zero, as expected. 

The figure of merit equation can be applied to the circuits 
of Figure 16 and 17 to explain impedance cancellation. The 
Change Factor equations for each leg and the reference 
voltage Vr are: 



CF V R = 



AV Z 


Rz 


AV| 


Ri + Rz 


AV 2 


R3 


AV| 


R 2 + R3 


Rz 


R3 



CF VZ = 
CF V 2 = 

avr 

AV| Ri + Rz R2 + R3 



= RA 

■ Rb 
= Ra-Rb 



(41) 
(42) 




Figure 16. Standard Voltage 
Regulation Circuit 



V'Z = V 2 + Z(l' Z -lz) (37) 

where V'z is the new zener voltage 
Vz is the former zener voltage 
I'Z is the new zener current 
lz is the new zener current flowing at Vz 
Rz is the zener impedance 

Then AVz = ZAIz 

Let the input voltage V| in Figure 15 increase by an amount 
AV|-AV Z 



Then Al =- 



R1 



Also Al = 



AV Z 

Rz 



Solving AV|Rz - AVzRz - AVzRi = 

Rz 



Or 



AVz 
AV| 



R 1 + Rz 



(38) 
(39) 

(40) 




Figure 17. Impedance Cancellation Bridge 
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Since the design is to minimize CF\/R, Rb can be set equal It is seen that yVR can be minimized by setting Rb = Ra- 

to Ra- The Input Regulation Factors are: Note that it is not necessary to match R3 to Rz and R2 



Y VZ = %L VL } . 1_ (44) currents. 

AV| \^V Z j Vz / R1 ^ 



1 + V| I RZ 



(46) 



to R1 . Thus R3 and R2 can be large and hence dissipate 
low power. This discussion is assuming very light load 
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Chapter 7 

ZENER PROTECTIVE CIRCUITS AND TECHNIQUES: 
BASIC DESIGN CONSIDERATIONS 



INTRODUCTION 

The reliability of any system is a function of the ability of 
the equipment to operate satisfactorily during moderate 
changes of environment, and to protect itself during 
otherwise damaging catastrophic changes. The silicon zener 
diode offers a convenient, simple but effective means of 
achieving this result. Its precise voltage sensitive breakdown 
characteristic provides an accurate limiting element in the 
protective circuit. The extremely high switching speed 
possible with the zener phenomenon allows the circuit to 
react faster by orders of magnitude that comparable 
mechanical and magnetic systems. 

By shunting a component, circuit, or system with a zener 
diode, the applied voltage cannot exceed that of the 
particular device's breakdown voltage. (See Figure 1 .) 

A device should be chosen so that its zener voltage is 
somewhat higher than the nominal operating voltage but 
lower than the value of voltage that would be damaging if 
allowed to pass. In order to adequately incorporate the zener 
diode for circuit protection, the designer must consider 
several factors in addition to the required zener voltage. The 
first thing the designer should know is just what transient 
characteristics can be anticipated, such as magnitude, 
duration, and the rate of reoccurrence. For short duration 
transients, it is usually possible to suppress the voltage spike 
and allow the zener to shunt the transient current away from 
the load without a circuit shutdown. On the other hand, if 
the over-voltage condition is for a long duration, the 
protective circuit may need to be complimented with a 
disconnect element to protect the zener from damage 
created by excessive heating. In all cases, the end circuit 
will have to be designed around the junction temperature 
limits of the device. 

The following sections illustrate the most common zener 
protective circuits, and will demonstrate the criteria to be 
followed for an adequate design. 

BASIC PROTECTIVE CIRCUITS 
FOR SUPPLY TRANSIENTS 

The simple zener shunt protection circuit shown in Figure 
1 is widely used for supply voltage transient protection where 
the duration is relatively short. The circuit applies whether 
the load is an individual component or a complete circuit 
requiring protection. Whenever the input exceeds the zener 
voltage, the device avalanches into conduction clamping the 
load voltage to \lz- The total current the diode must carry 
is determined by the magnitude of the input voltage transient 



and the total circuit impedance minus the load current. The 
worst case occurs when load current is zero and may be 
expressed as follows: 

V|(max)-Vz ... 
IZ(max) Rs 0) 




Figure 1. Basic Shunt Zener Transient 
Protection Circuit 

The maximum power dissipated by the zener is 

V|(m ax)-Vz w 
PZ(max) = IZ(max) Vz(max) Vz(max) (2) 

Also, more than one device can be used, i.e., a series 
string, which will reduce the percentage of total power to be 
dissipated per device by a factor equal to the number of 
devices in series. The number of diodes required can be 
found from the following expression: 

Number = Z < max > , (3) 

p Z (allowable per device) 

Any fraction of a zener must be taken as the next highest 
whole number. This design discussion has been based upon 
the assumption that the transient is of a single shot, 
non-recurrent type. For all practical purposes it can be 
considered non-recurrent if the "off period" between 
transients is at least four times the thermal time constant 
of the device. If the "off period" is shorter than this, then the 
design calculations must include a factor for the duty cycle. 
This is discussed in detail in Chapter 4. In Chapter 4 there 
are also some typical curves relating peak power, pulse 
duration and duty cycle that may be appropriate for some 
designs. 

Obviously, the factor that limits the feasibility of the basic 
zener shunt protective circuit is the pulse durations T. As 
the duration increases, the allowable peak power for a given 
configuration decreases and will approach a steady state 
condition. 
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Figure 2. Overvoltage Protection with Zener Diodes and Fuses 



When the anticipated transients expected to prevail for a 
specific situation are of long duration, a basic zener shunt 
becomes impractical, in such a case the circuit can be 
improved by using a complementary disconnect element. 
The most common overload protective element is without 
a doubt the standard fuse. The common fuse adequately 
protects circuit components from over-voltage surges, but 
at the same time must be chosen to eliminate "nuisance 
fusing" which results when the maximum current rating of 
the fuse is too close to the normal operational current of the 
circuit. 



AN EXAMPLE PROBLEM: SELECTING A 
FUSE-ZENER COMBINATION 

Consider the case illustrated in Figure 2. Here the load 
components are represented by a parallel combination of 
R and C, equivalent to many loads found in practice. The 
maximum capacitor voltage rating is usually the 
circuit-voltage limiting factor due to the cost of high voltage 
capacitors. Consequently, a protective circuit must be 
designed to prevent voltage surges greater than 1 .5 times 
normal working voltage of the capacitor. It is common, 
however, for the supply voltage to increase to 135% normal 
for long periods. Examination of fuse manufacturers' melting 
time-current curves shows the difficulty of trying to select a 
fuse which will melt rapidly at overload (within one or two 
cycles of the supply frequency to prevent capacitor damage), 
and will not melt when subjected to voltages close to 
overload for prolonged periods. 

By connecting a zener diode of correct voltage ratings 
across the load as shown, a fuse large enough to withstand 
normal current increases for long periods may be chosen. 
The sudden current increase when zener breakdown occurs 
melts the fuse rapidly and protects the load from large 
surges. In Figure 3, fuse current was plotted against supply 
voltage to illustrate the improvement in load protection 
obtained with zener-fuse combinations. Fuse current "A" 
would be selected to limit current resulting from voltage 
surges above 112 V to 90 mA, which would melt the fuse 
in 100 ms. It is a simple matter, however, to select a fuse 
which melts in 30 ms at 200 mA but is unaffected by 100 
mA currents. The zener connection allows fuse current "B" 
to be selected, eliminating this design problem and providing 
a faster, more reliable protective circuit. If the same fuse was 



used without the zener diode, a supply voltage of 210 volts 
would be reached before the fuse would begin to protect the 
load. 




80 90 100 110 120 130 140 
V S , SUPPLY VOLTAGE (VOLTS) 

Figure 3. Fuse Current versus 
Supply Voltage 

Selection of the correct power rating of zener diodes to 
be used for surge protection depends upon the magnitude 
and duration of anticipated surges. Often in circuits 
employing both fuses and zener diodes, the limiting surge 
duration will be the melting time of the fuse. This, in turn, 
depends on the nature of the load protected and the length 
of time it will tolerate an overload. 

As a first solution to the example problem , consider a zener 
diode with a nominal breakdown voltage of 110 volts 
measured at a test current (Izt) of 110 mA. Since the fuse 
requires about 200 mA to melt and 100 mA are drawn 
through the load at this voltage, the load voltage will never 
exceed the zener breakdown voltage on slowly rising inputs. 
Transients producing currents of approximately 200 mA but 
of shorter duration than 30 ms will simply be clipped by zener 
action and diverted from the load. Transients of very high 
voltage will produce larger currents and, hence, will melt the 
fuse more rapidly. In the limiting case where transient power 
might eventually destroy the zener diode, the fuse always 
melts first because of the slower thermal time constant 
inherent in the zener diode's larger geometry. 

The curves in Figure 4 illustrate the change in zener 
voltage as a function of changing current for a typical device 
type. 
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LOG Iz/Izk 

Figure 4. Change In Vz for Changes In lz 

If an actual curve for the device being used is not available, 
the zener voltage at a specific current above or below the 
test current may be approximated by equation 4. 

Where: V = V Z + Z Z T (l-'ZT) (4) 
VZ = zener voltage at test current Izt 
Zzt = zener impedance at test current Izt 
l Z T = test current 
V = zener voltage at current I 

For a given design, the maximum zener voltage to expect 
for the higher zener current should be determined to make 
sure the limits of the circuit are met. If the maximum limit 
is excessive for the original device selection, the next lower 
voltage rating should be used. 

The previous discussion on design consideration for 
protective circuits incorporating fuses is applicable to any 
protective element that permanently disconnects the supply 
when actuated. Rather than a fuse, a non-resetting magnetic 
circuit breaker could have been used, and the same 
reasoning would have applied. 

LOAD CURRENT SURGES 

In many actual problems the designer must choose a 
protective circuit to perform still another task. Not only must 
the equipment be protected from the voltage surges in the 
supply, but the supply itself often requires protection from 
shorts or partial shorts in the load. A direct short in the load 
is fairly easy to handle, as the drastic current change permits 
the use of fuses with ratings high enough to avoid problems 
with supply surges. More common is the partial short, as 



illustrated in Figure 5. If a short circuit occurs in the capacitive 
section of the load (represented by C) the resulting fault 
current is limited by the resistive section (represented by R) 
to a value which may not be great enough to melt the fuse. 
The fault current could be sufficient, however, to damage 
the supply and other components in the load. 

The problem is resolved by employing a zener diode to 
protect against supply surges as described in the previous 
section, and by selecting a separate fuse to protect from load 
faults. The load fuse in Figure 5 is chosen close to the normal 
operating current. Abnormal supply surges do not affect it 
and equipment operates reliably but with ample protection 
for the supply against load changes. 

ZENER DIODES AND RECLOSING 
DISCONNECT ELEMENTS 

An interesting application of zener diodes as overvoltage 
protectors, which offers the possibility of designing for both 
long and short duration surges, is shown in Figure 6. 



POWER 
SUPPLY 



LOAD 



Figure 6. Zener Diode Reclosing Circuit Breaker 
Protective Circuit 

In the event of a voltage overload exceeding a chosen 
zener voltage, a large current will be drawn through the 
diode. The reclosing disconnect element opens after an 
interval determined by its time constant, and the supply is 
disconnected. After another interval, again depending on the 
switch characteristics, the supply is reconnected and the 
voltage "sampled" by the zener diode. This leads to an 
"on-off" action which continues until the supply voltage drops 
below the predetermined limit. At no time can the load 
voltage or current exceed that set by the zener. The chief 
advantage in this type of circuit is the elimination of fuse 
replacement in similar fusing circuits, while providing 
essentially the same load protection. 

It is difficult to define a set design procedure in this case, 
because of the wide variety of reclosing, magnetic and 
thermal circuit breakers available. Care should be taken to 
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Figure 5. Supply and Load with Zener Diode; Fuse Circuitry 



Motorola TVS/Zener Device Data 



Technical Information 
11-45 



CHAPTER 7 



VOLTS 



SUPPLY 
VOLTAGE 



SURGE VOLTAGE 










OVER VOLTAGE 










NORMAL OPERATING VOLTAGE 









BREAK TEMPERATURE 




TIME - 



MAKE 

TEMPERATURE 



TIME - 



AMPS 



ZENER 
DIODE 
CURRENT 



ZENER 
DIODE 
JUNCTION 
TEMPERATURE 




TIME - 



Figure 7. (Typical) Voltage, Current and Temperature Waveforms 
for a Thermal I 



ensure that the power dissipated in the zener diode during 
the conduction time of the disconnect element does not 
exceed its rating. As an example, assume the disconnect 
element was a thermal breaker switch. The waveforms for 
a typical over-voltage situation are shown in Figure 7. 

It is apparent that the highest zener diode junction 
temperature is reached during the first conduction period. 
At this time the thermal breaker is cold and requires the 
greatest time to reach its break temperature. The breaker 
then cycles thermally between the make and break 
temperatures as long as the supply voltage is greater than 
the zener voltage, as shown in Figure 7. 

The zener diode current and junction temperature variation 
are shown in the last two waveforms of Figure 7. Overvoltage 
durations longer than the trip time of the thermal breaker do 
not affect the diode as the supply is disconnected. An 
overvoltage of much higher level simply causes the thermal 
breaker to open sooner. In effect, the zener diode rating must 



be high enough to ensure that maximum junction 
temperature is not reached during the longest interval that 
the thermal switch will be closed. 

Manufacturers of thermally operated circuit breakers 
publish current-time curves for their devices similar to that 
shown in Figure 8. By estimating the peak supply overvoltage 
and determining the maximum overvoltage tolerated by the 
load, an estimation of peak zener current can be made. The 
maximum breaker trip time may then be read from Figure 
8. (After the initial current surge, the duration of "of time 
is determined entirely by the breaker characteristics and will 
vary widely with manufacture.) The zener diode junction 
temperature rise during conduction may be calculated now 
from the thermal time constant of the device and the heatsink 
used. 

Because the reclosing circuit breaker is continually cycling 
on and off, the zener current takes on the characteristics 
of a repetitive surge, as can be seen in Figure 7. 
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CURRENT (AMPS) 

Figure 8. Trip Time versus Current for 
Thermal Breaker 

TRANSISTOR OVERVOLTAGE PROTECTION 

In many electronic circuits employing transistors, high 
internal voltages can be developed and, if applied to the 
transistors, will destroy them. This situation is quite common 
in transistor circuits that are switching highly inductive loads. 
A prime example of this would be in transistorized electronic 
ignition systems such as shown in Figures 9a and 9b. 

The zener diode is an important component to assure solid 
state ignition system reliability. There are two basic methods 
of using a zener diode to protect an ignition transistor. These 
are shown in Figures 9a and 9b. In Figure 9b the transistor 
is protected by a zener diode connected between base and 
collector and in Figure 9a, the zener is connected between 
emitter and collector. In both cases the voltage level of the 



zener must be selected carefully so that the voltage stress 
on the transistor is in a region where the safe operating area 
is adequate for reliable circuit operation. 

Figure 10 illustrates "safe" and "unsafe" selection of a 
zener diode for collector-base protection of a transistor in 
the ignition coil circuit. It can be seen that the safe operating 
area of a transistor must be known if an adequate protective 
zener is to be selected. 

The zener diode must be able to take the stress of peak 
pulse current necessary to clamp the voltage rise across the 
transistor to a safe value. In a typical case, a 5 watt, 100 
volt zener transient suppressor diode is required to operate 
with an 80 (is peak pulse current of 8 amperes when 
connected between the collector-emitter of the transistor. 
The waveform of this pulse current approaches a sine wave 
in shape (Figure 11). The voltage rise across a typical 
transient suppressor diode due to this current pulse is shown 
in Figure 12. This voltage rise of approximately 8 volts 
indicates an effective zener impedance of approximately 1 
ohm. However, a good share of this voltage rise is due to 
the temperature coefficient and thermal time constant of the 
zener. The temperature rise of the zener diode junction is 
indicated by the voltage difference between the rise and fall 
of the current pulse. 




Figure 9. Transistor Ignition Systems with Zener 
Overvoltage Surge Protection 
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Figure 10. Safe Zener Protection 



TIME 10 tiS/div 
Figure 11. Zener Diode Current Pulse 




ZENER VOLTAGE 1 V/div 



100 V 



Figure 12. Voltage-Current Representation on 
100 V Zener 



In order to assure safe operation, the change in zener 
junction temperature for the peak pulse conditions must be 
analyzed. In making the calculation, the method described 
in Chapter 4 should be used, taking into account duty cycle, 
pulse duration, and pulse magnitude. 

When the zener diode is connected between the collector 
and emitter of the transistor, additional power dissipation will 
result from the clipping of the ringing voltage of the ignition 
coil by the forward conduction of the zener diode. This power 
dissipation by the forward diode current will result in 



additional zener voltage rise. It is not uncommon to observe 
a 15-volt rise above the zener device voltage rating due to 
temperature coefficient and impedance under these pulse 
current conditions. 

The zener diode should be connected as close as possible 
to the terminals of the transistor the zener is intended to 
protect. This insures that induced voltage transients, caused 
by current changes in long lead lengths, are clamped by the 
zener and do not appear across the transistor. 
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179K 



Another example of overvoltage protection of transistor 25 V, approximately 249 thousand ohms are required in 
operating in an inductive load switch capacity is illustrated series, 
in Figure 13. The DC-DC converter circuit shows a 
connection from collector to emitter of two zener diodes as 
collector overvoltage protectors. Without some type of 
limiting device, large voltage spikes may appear at the 
collectors, due to the switching transients produced with 
normal circuit operation. When this spike exceeds the 
collector breakdown rating of the transistor, transistor life is 
considerably shortened. The zener diodes shown are chosen 
with zener breakdowns slightly below transistor breakdown 
voltage to provide the necessary clipping action. Since the 
spikes are normally of short duration (0.5 to 5 us) and duty 

cycle is low, normal chassis mounting provides adequate Figure 14. Meter Protection with Zener Diode 

heatsinking. 




25 V 



METER PROTECTION 

The silicon zener diode can be employed to prevent 
overloading sensitive meter movements used in low range 
DC and AC voltmeters, without adversely affecting the meter 
linearity. The zener diode has the advantage over thermal 
protective devices of instantaneous action and, of course, 
will function repeatedly for an indefinite time (as compared 
to the reset time necessary with thermal devices). While 
zener protection is presently available for voltages as low 
as 2.4 volts, forward diode operation can be used for meter 
protection where the voltage drop is much smaller. A typical 
protective circuit is illustrated in Figure 14. Here the meter 
movement requires 1 00 uAmps for full scale deflection and 
has 940 ohms resistance. For use in a voltmeter to measure 



The protection provided by the addition of an 1 8 volt zener 
is illustrated in Figure 15. With an applied voltage of 25 volts, 
the 100 nAmps current in the circuit produces a drop of 17.9 
volts across the series resistance of 179 thousand ohms. 
A further increase in voltage causes the zener diode to 
conduct, and the overload current is shunted away from the 
meter. Since Motorola zener diodes have zener voltages 
specified within 5 and 10%, a safe design may always be 
made with little sacrifice in meter linearity by assuming the 
lowest breakdown voltage within the tolerance. The shunting 
effect on the meter of the reverse biased diode is generally 
negligible below breakdown voltage (on the order of 0.5° full 
scale). For very precise work, the zener diode breakdown 
voltage must be accurately known and the design equations 
solved for the correct resistance values. 
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Figure 15. Meter Protection with 
Zener Diodes 

ZENER DIODES USED WITH SCRS FOR 
CIRCUIT PROTECTION 

An interesting aspect of circuit protection incorporating the 
reliable zener diode is the protective circuits shown in 
Figures 16 and 17. 



In a system that is handling large amounts of power, it 
may become impractical to employ standard zener shunt 
protection because of the large current it would be required 
to carry. The SCR crowbar technique shown in Figure 16 
can be effectively used in these situations. The zener diode 
is still the transient detection component, but it is only 
required to carry the gate current for SCR turn on, and the 
SCR will carry the bulk of the shunt current. Whenever the 
incoming voltage exceeds the zener voltage, it avalanches, 
supplying gate drive to the SCR which, when fired, causes 
a current demand that will trip the circuit breaker. The 
resistors shown are for current limiting so that the SCR and 
zener ratings are not exceeded. 

The circuit of Figure 17 is designed to disconnect the 
supply in the event a specified load current is exceeded. This 
is done by means of a series sense resistor and a compatible 
zener to turn the shunt SCR on. When the voltage across 
the series resistor, which is a function of the load current, 
becomes sufficient to break over the zener, the SCR is fired, 
causing the circuit breaker to trip. 



CIRCUIT /ts 
BREAKER -J— 




Figure 16. SCR Crowbar Over-Voltage Protection Circuit for AC Circuit Operation 
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Flgure 17. SCR Longterm Current Overload Protection 
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ZENER TRANSIENT SUPPRESSORS 

The transient suppressor is used as a shunt element in 
exactly the same manner as a conventional zener. It offers 
the same advantages such as low insertion loss, immediate 
recovery after operation, a clamping factor approaching 
unity, protection against fast rising transients, and simple 
circuitry. The primary difference is that the transient 
suppressor extends these advantages to higher power 
levels. 

Even in the event of transients with power contents far 
in excess of the capacity of the zeners, protection is still 
provided the load. When overloaded to failure, the zener will 
approximate a short. The resulting heavy drain will aid in 
opening the fuse or circuit breaker protecting the load against 
excess current. Thus, even if the suppressor is destroyed, 
it still protects the load. 

The design of the suppressor-fuse combination for the 
required level of protection follows the techniques for 
conventional zeners discussed earlier in this chapter. 

TRANSIENT SUPPRESSION CHARACTERISTICS 

Zener diodes, being nearly ideal clippers (that is, they 
exhibit close to an infinite impedance below the clipping level 
and close to a short circuit above the clipping level), are often 
used to suppress transients. In this type of application, it is 
important to know the power capability of the zener for short 
pulse durations, since they are intolerant of excessive stress. 

Some Motorola data sheets such as the ones for devices 
shown in Table 1 contain short pulse surge capability. 
However, there are many data sheets that do not contain 
this data and Figure 18 is presented here to supplement this 
information. 



Table 1. Transient Suppressor Diodes 



Series 
Numbers 


Steady State 
Power 


Package 


Description 


1N4728A 


1 W 


DO-41 


Double Slug 
Glass 


1N6267A 


5W 


Case 41 A 


Axial Lead 
Plastic 


1N5333B 


5 W 


Case 102 


Surmetic 40 


1N746A/957B/ 
4370A 


500 mW 


DO-35 


Double Slug 
Glass 


1N5221B 


500 mW 


DO-35 


Double Slug 
Glass 



Some data sheets have surge information which differs 
slightly from the data shown in Figure 1 8. A variety of reasons 
exist for this: 

1. The surge data may be presented in terms of actual 
surge power instead of nominal power. 

2. Product improvements have occurred since the data 
sheet was published. 



3. Large dice are used, or special tests are imposed on the 
product to guarantee higher ratings than those shown in 
Figure 18. 

4. The specifications may be based on a JEDEC 
registration or part number of another manufacturer. 

The data of Figure 18 applies for non-repetitive conditions 
and at a lead temperature of 25°C. If the duty cycle 
increases, the peak power must be reduced as indicated by 
the curves of Figure 19. Average power must be derated 
as the lead or ambient temperature rises above 25°C. The 
average power derating curve normally given on data sheets 
may be normalized and used for this purpose. 




PULSE WIDTH <ms) 

Figure 18. Peak Power Ratings of 
Zener Diodes 
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Figure 19. Typical Derating Factor for 
Duty Cycle 

When it is necessary to use a zener close to surge ratings, 
and a standard part having guaranteed surge limits is not 
suitable, a special part number may be created having a 
surge limit as part of the specification. Contact your nearest 
Motorola OEM sales office for capability, price, delivery, and 
minimum order quantities. 
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MATHEMATICAL MODEL 

Since the power shown on the curves is not the actual 
transient power measured, but is the product of the peak 
current measured and the nominal zener voltage measured 
at the current used for voltage classification, the peak current 
can be calculated from: 



lz < pK > = v£i 



(5) 



The peak voltage at peak current can be calculated from: 



VZ(PK) = FC x V Z(n0 m) 



(6) 



where Fc is the clamping factor. The clamping factor is 
approximately 1.20 for all zener diodes when operated at 
their pulse power limits. For example, a 5 watt, 20 volt zener 
can be expected to show a peak voltage of 24 volts 
regardless of whether it is handling 450 watts for 0.1 ms or 
50 watts for 10 ms. This occurs because the voltage is a 
function of junction temperature and IR drop. Heating of the 
junction is more severe at the longer pulse width, causing 
a higher voltage component due to temperature which is 
roughly offset by the smaller IR voltage component. 
For modeling purposes, an approximation of the zener 
resistance is needed. It is obtained from: 



R Z(nom) : 



VZ(nom)(FC-1) 
PPK(nom) / Vz(nom) 



(7) 



The value is approximate because both the clamping 
factor and the actual resistance are a function of 
temperature. 

CIRCUIT CONSIDERATIONS 

It is important that as much impedance as circuit 
constraints allow be placed in series with the zener diode 
and the components to be protected. The result will be a 



lower clipping voltage and less zener stress. A capacitor in 
parallel with the zener is also effective in reducing the stress 
imposed by very short duration transients. 

To illustrate use of the data, a common application will be 
analyzed. The transistor in Figure 20 drives a 50 mH solenoid 
which requires 5 amperes of current. Without some means 
of clamping the voltage from the inductor when the transistor 
turns off, it could be destroyed. 

The means most often used to solve the problem is to 
connect an ordinary rectifier diode across the coil; however, 
this technique may keep the current circulating through the 
coil for too long a time. Faster switching is achieved by 
allowing the voltage to rise to a level above the supply before 
being clamped. The voltage rating of the transistor is 60 V, 
indicating that approximately a 50 volt zener will be required. 

The peak current will equal the on-state transistor current 
(5 amperes) and will decay exponentially as determined by 
the coil L/R time constant (neglecting the zener impedance). 
A rectangular pulse of width L/R (0.01 s) and amplitude of 
IpK (5 A) contains the same energy and may be used to 
select a zener diode. The nominal zener power rating 
therefore must exceed (5 A x 50) = 250 watts at 10 ms and 
a duty cycle of 0.01/2 = 0.5%. From Figure 19, the duty cycle 
factor is 0.62 making the single pulse power rating required 
equal to 250/0.62 = 403 watts. From Figure 18, one of the 
1N6267 series zeners has the required capability. The 
1 N6287 is specified nominally at 47 volts and should prove 
satisfactory. 

Although this series has specified maximum voltage limits, 
equation 7 will be used to determine the maximum zener 
voltage in order to demonstrate its use. 



47(1.20-1) 
500/47 



9.4 
10.64 



:0.9£2 



At 5 amperes, the peak voltage will be 4.5 volts above 
nominal or 51 .5 volts total which is safely below the 60 volt 
transistor rating. 



r — m— , 




USED TO SELECT A ZENER DIODE HAVING THE PROPER 
VOLTAGE AND POWER CAPABILITY TO PROTECT THE TRANSISTOR 



Figure 20. Circuit Example 
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Chapter 8 
ZENER VOLTAGE SENSING CIRCUITS 
AND APPLICATIONS 



BASIC CONCEPTS OF VOLTAGE SENSING 

Numerous electronic circuits require a signal or voltage 
level to be sensed for circuit actuation, function control, or 
circuit protection. The circuit may alter its mode of operation 
whenever an interdependent signal reaches a particular 
magnitude (either higher or lower than a specified value). 
These sensing functions may be accomplished by 
incorporating a voltage dependent device in the system 
creating a switching action that controls the overall operation 
of the circuit. 

The zener diode is ideally suited for most sensing 
applications because of its voltage dependent 
characteristics. The following sections are some of the more 
common applications and techniques that utilize the zener 
in a voltage sensing capacity. 




Figure 1. Basic Transistor-Zener Diode 
Sensing Circuits 



TRANSISTOR-ZENER SENSING CIRCUITS 

The zener diode probably finds its greatest use in sensing 
applications in conjunction with other semiconductor 
devices. Two basic widely used techniques are illustrated 
in Figures 1a and 1b. 

In both of these circuits the output is a function of the input 
voltage level. As the input goes from low to high, the output 
will switch from either high to low (base sense circuit) or low 
to high (emitter sense circuit), (see Figure 2). 

The base sense circuit of Figure 1 a operates as follows: 
When the input voltage is low, the voltage dropped across 
R2 is not sufficient to bias the zener diode and base emitter 
junction into conduction, therefore, the transistor will not 
conduct. This causes a high voltage from collector to emitter. 
When the input becomes high, the zener is biased into 
conduction, the transistor turns on, and the collector to 
emitter voltage, which is the output, drops to a low value. 
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Figure 2. Outputs of Transistor-Zener Voltage 
Sensing Circuits 
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The emitter sense circuit of Figure 1b operates as follows: 
When the input is low the voltage drop across R3 (the output) 
is negligible. As the input voltage increases the voltage drop 
across R2 biases the zener into conduction and forward 
biases the base-emitter junction. A large voltage drop across 
R3 (the output voltage) is equal to the product of the collector 
current times the resistance, R3. The following relationships 
indicate the basic operating conditions for the circuits in 
Figure 1. 

Circuit Output 
High 

1a I V0UT = V|N-ICOR3 = V| N 

Low 

VOUT = V|N - ICR3 - VCE(sat) 
Low 

1b VoUT = V|N-Vz-V C E(off) = ICOR3 

High 

VOUT = V|N - VcE(sat) = lcR3 

In addition, the basic circuits of Figure 1 can be rearranged 
to provide inverse output. 

AUTOMOTIVE ALTERNATOR VOLTAGE 
REGULATOR 

Electromechanical devices have been employed for many 
years as voltage regulators, however, the regulation setting 



of these devices tend to change and have mechanical 
contact problems. A solid state regulator that controls the 
charge rate by sensing the battery voltage is inherently more 
accurate and reliable. A schematic of a simplified solid state 
voltage regulator is shown in Figure 3. 

The purpose of an alternator regulator is to control the 
battery charging current from the alternator. The charge level 
of the battery is proportional to the battery voltage level. 
Consequently, the regulator must monitor the battery voltage 
level allowing charging current to pass when the battery 
voltage is low. When the battery has attained the proper 
charge the charging current is switched off. In the case of 
the solid state regulator of Figure 3, the charging current is 
controlled by switching the alternator field current on and off 
with a series transistor switch, Q2. The switching action of 
Q2 is controlled by a voltage sensing circuit that is identical 
to the base sense circuit of Figure 1a. When under-charged, 
the zener Z1 does not conduct keeping Q-| off. The 
collector-emitter voltage of Q1 supplies a forward bias to the 
base-emitter of Q2, turning it on. With Q2 turned on, the 
alternator field is energized allowing a charging current to 
be delivered to the battery. When the battery attains a proper 
charge level, the zener conducts causing Q1 to turn on, and 
effectively shorting out the base-emitter junction of Q2. This 
short circuit cuts off Q2, turns off the current flowing in the 
field coil which consequently, reduces the output of the 
alternator. Diode D1 acts as a field suppressor preventing 
the build up of a high induced voltage across the coil when 
the coil current is interrupted. 
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Figure 3. Simplified Solid State Voltage Regulator 
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In actual operation, this switching action occurs many 
times each second, depending upon the current drain from 
the battery. The battery charge, therefore, remains 
essentially constant and at the maximum value for optimum 
operation. 

A schematic of a complete alternator voltage regulator is 
shown in Figure 4. 

It is also possible to perform the alternator regulation 
function with the sensing element in the emitter of the control 
transistor as shown in Figure 5. 



In this configuration, the sensing circuit is composed of 
Zi and Q-| with biasing components. It is similar to the 
sensing circuit shown in Figure 1b. The potentiometer Ri 
adjusts the conduction point of Qi establishing the proper 
charge level. When the battery has reached the desired level, 
Qi begins to conduct. This draws Q2 into conduction, and 
therefore shorts off Q3 which is supplying power to the 
alternator field. This type of regulator offers greater sensitivity 
with an increase in cost. 
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Figure 4. Complete Solid State Alternator Voltage Regulator 
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Figure 5. Alternator Regulator with Emitter Sensor 
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UNIJUNCTION-ZENER SENSE CIRCUITS 

Unijunction transistor oscillator circuits can be made 
GO-NO GO voltage sensitive by incorporating a zener diode 
clamp. The UJT operates on the criterion: under proper 
biasing conditions the emitter-base one junction will 
breakover when the emitter voltage reaches a specific value 
given by the equation: 



Vp = iVbb + Vd 



(D 



where: 

Vp = peak point emitter voltage 
t| = intrinsic stand-off ratio for the device 
Vbb = interbase voltage, from base two to base one 
= emitter to base one diode forward junction drop. 

Obviously, if we provide a voltage clamp in the circuit such 
that the conditions of equation 1 are met only with restriction 
on the input, the circuit becomes voltage sensitive. There 
are two basic techniques used in clamping UJT relaxation 
oscillators. They are shown in Figure 6 and Figure 7. 

The circuit in Figure 6 is that of a clamped emitter type. 
As long as the input voltage V|N is low enough so that V p 



does not exceed the Zener voltage Vz, the circuit will 
generate output pulses. At some given point, the required 
Vp for triggering will exceed Vz- Since V p is clamped at Vz, 
the circuit will not oscillate. This, in essence, means the 
circuit is GO as long as V|N is below a certain level, and 
NO GO above the critical clamp point. 

The circuit of Figure 7, is a clamped base UJT oscillator. 
In this circuit Vbb is clamped at a voltage Vz and the emitter 
tied to a voltage dividing network by a diode Di . When the 
input voltage is low, the voltage drop across R2 is less than 
Vp. The forward biased diode holds the emitter below the 
trigger level. As the input increases, the R2 voltage drop 
approaches Vp. The diode D1 becomes reversed biased and, 
the UJT triggers. This phenomenon establishes the operating 
criterion that the circuit is NO GO at a low input and GO 
at an input higher than the clamp voltage. Therefore, the 
circuits in Figures 6 and 7 are both input voltage sensitive, 
but have opposite input requirements for a GO condition. 
To illustrate the usefulness of the clamped UJT relaxation 
oscillators, the following two sections show them being used 
in practical applications. 
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Figure 6. UJT Oscillator, GO — NO GO Output, 
GO for Low V| N — NO GO for High V|N 
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Figure 7. UJT — NO GO Output, NO GO for Low V| N — GO for High V|N 
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BATTERY VOLTAGE SENSITIVE SCR CHARGER 

A clamped emitter unijunction sensing circuit of the type 
shown in Figure 6 makes a very good battery charger 
(illustrated in Figure 8). This circuit will not operate until the 
battery to be charged is properly connected to the charger. 
The battery voltage controls the charger and will dictate its 
operation. When the battery is properly charged, the charger 
will cease operation. 

The battery charging current is obtained through the 
controlled rectifier. Triggering pulses for the controlled 
rectifier are generated by unijunction transistor relaxation 
oscillator (Figure 9). This oscillator is activated when the 
battery voltage is low. 



While operating, the oscillator will produce pulses in the 
pulse transformer connected across the resistance, Rqc 
(Rqc represents the gate-to-cathode resistance of the 
controlled rectifier), at a frequency determined by the 
resistance, capacitance, Ff.C. time delay circuit. 

Since the base-to-base voltage on the unijunction 
transistor is derived from the charging battery, it will increase 
as the battery charges. The increase in base-to-base voltage 
of the unijunction transistor causes its peak point voltage 
(switching voltage) to increase. These waveforms are 
sketched in Figure 9 (this voltage increase will tend to change 
the pulse repetition rate, but this is not important). 
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Figure 8. 12 Volt Battery Charger Control 
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Figure 9. UJT Relaxation Oscillator Operation 
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When the peak point voltage (switching voltage) of the 
unijunction transistor exceeds the breakdown voltage of the 
Zener diode, Z-| , connected across the delay circuit capacitor, 
C-|, the unijunction transistor ceases to oscillate. If the 
relaxation oscillator does not operate, the controlled rectifier 
will not receive trigger pulses and will not conduct. This 
indicates that the battery has attained its desired charge as 
set by R2- 

The unijunction cannot oscillate unless a voltage 
somewhere between 3 volts and the cutoff setting is present 
at the output terminals with polarity as indicated. Therefore, 
the SCR cannot conduct under conditions of a short circuit, 
an open circuit, or a reverse polarity connection to the 
battery. 

ALTERNATOR REGULATOR FOR 
PERMANENT MAGNET FIELD 

In alternator circuits such as those of an outboard engine, 
the field may be composed of a permanent magnet. This 
increases the problem of regulating the output by limiting the 
control function to opening or shorting the output. Because 
of the high reactance source of most alternators, opening 
the output circuit will generally stress the bridge rectifiers to 
a very high voltage level. It is, therefore, apparent that the 
best control function would be shorting the output of the 
alternator for regulation of the charge to the battery. 



Figure 1 shows a permanent magnet alternator regulator 
designed to regulate a 15 ampere output. The two SCRs 
are connected on the ac side of the bridge, and short out 
the alternator when triggered by the unijunction voltage 
sensitive triggering circuit. The sensing circuit is of the type 
shown in Figure 7. The shorted output does not appreciably 
increase the maximum output current level. 

A single SCR could be designed into the dc side of the 
bridge. However, the rapid turn-off requirement of this type 
of circuit at high alternator speeds makes this circuit 
impractical. 

The unijunction circuit in Figure 10 will not oscillate until 
the input voltage level reaches the voltage determined by 
the intrinsic standoff ratio. The adjustable voltage divider will 
calibrate the circuit. The series diode in the voltage divider 
circuit will compensate for the emitter-base-one diode 
temperature change, consequently, temperature 
compensation is necessary only for the zener diode 
temperature changes. 

Due to the delay in charging the unijunction capacitor, 
when the battery is disconnected the alternator voltage will 
produce high stress voltage on all components before the 
SCRs will be fired. The 1N971B Zener was included in the 
circuit to provide a trigger pulse to the SCRs as soon as 
the alternator output voltage level approaches 30 volts. 
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Figure 10. Permanent Magnet Field Alternator Regulator 
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Figure 12. Improving Meter Resolution 



ZENER-RESISTOR VOLTAGE SENSING 

A simple but useful sense circuit can be made from just 
a Zener diode and resistor such as shown in Figure 11. 

Whenever the applied signal exceeds the specific Zener 
voltage Vz, the difference appears across the dropping 
resistor R. This level dependent differential voltage can be 
used for level detection, magnitude reduction, wave shaping, 
etc. An illustrative application of the simple series Zener 
sensor is shown in Figure 12, where the resistor drop is 
monitored with a voltmeter. 

If, for example, the input is variable from 24 to 28 volts, 
a 30 voltmeter would normally be required. Unfortunately, 
a 4 volt range of values on a 30 voit scale utilizes only 1 3.3% 
of the meter movement — greatly limiting the accuracy with 



which the meter can be read. By employing a 20 volt zener, 
one can use a 1 voltmeter instead of the 30 volt unit, thereby 
utilizing 40% of the meter movement instead of 13.3% with 
a corresponding increase in accuracy and readability. For 
ultimate accuracy a 24 volt zener could be combined with 
a 5 voltmeter. This combination would have the disadvantage 
of providing little room for voltage fluctuations, however. 

In Figure 13, a number of sequentially higher-voltage 
Zener sense circuits are cascaded to actuate transistor 
switches. As each goes into avalanche its respective 
switching transistor is turned on, actuating the indicator light 
for that particular voltage level. This technique can be 
expanded and modified to use the zener sensors to actuate 
some form of logic system. 
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Figure 13. Sequential Voltage Level Indicator 
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INTRODUCTION 

Many of the commonly used applications of zener diodes 
have been illustrated in some depth in the preceding 
chapters. This chapter shows how a zener diode may be 
used in some rarer applications such as voltage translators, 
to provide constant current, wave shaping, frequency control 
and synchronized SCR triggers. 

The circuits used in this chapter are not intended as 
finished designs since only a few component values are 
given. The intent is to show some general broad ideas and 
not specific designs aimed at a narrow use. 

FREQUENCY REGULATION OF A 
DC TO AC INVERTER 

Zener diodes are often used in control circuits, usually to 
control the magnitude of the output voltage or current. In this 
unusual application, however, the zener is used to control 
the output frequency of a current feedback inverter. The 
circuit is shown in Figure 1. 




Figure 1. Frequency Controlled Current 
Feedback Inverter 



The transformer Ti functions as a current transformer 
providing base current Ib = (Nc/Nb)Ic- Without the zener 
diode, the voltage across Nb windings of the timing 
transformer Ti is clamped to Vbe of the ON device, giving 
an inverter frequency of 

Vbe x 108 
4BsiA-|Nb 

where Bsi A1 is the flux capacity of Ti transformer core. The 
effect on output frequency of Vbe variations due to changing 
load or temperature can be reduced by using a zener diode 
in series with Vbe as shown in Figure 1 . For this circuit, the 
output frequency is given by 

(VBE + VZ)X108 

If Vbe is small compared to the zener voltage V/, good 
frequency accuracy is possible. For example, with Vz = 9.1 
volts, a 40 Watt inverter using 2N3791 transistors (operating 
from a 1 2 volt supply), exhibited frequency regulation of +2% 
with ±25% load variation. 

Care should be taken not to exceed V(BR)EBO of the 
non-conducting transistor, since the reverse emitter-base 
voltage will be twice the introduced series voltage, plus Vbe 
of the conducting device. 

Transformer T2 should not saturate at the lowest inverter 
frequency. 

Inverter starting is facilitated by placing a resistor from 
point A to B-| or a capacitor from A to B2. 

SIMPLE SQUARE WAVE GENERATOR 

The zener diode is widely used in wave shaping circuits; 
one of its best known applications is a simple square wave 
generator. In this application, the zener clips sinusoidal 
waves producing a square wave such as shown in Figure 
2a. In order to generate a wave with reasonably vertical 
sides, the ac voltage must be considerably higher than the 
zener voltage. 

Clipper diodes with opposing junctions built into the device 
are ideal for applications of the type shown in Figure 2b. 
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(a) Single Zener Diode Square Wave Generator 
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Figure 2. Zener Diode Square Wave Generator 
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TRANSIENT VOLTAGE SUPPRESSION 



INTRODUCTION 

Electrical transients in the form of voltage surges have 
always existed in electrical distribution systems, and prior to 
the implementation of semiconductor devices, they were of 
minor concern. The vulnerability of semiconductors to 
lightning strikes was first studied by Bell Laboratories in 
1961. 1 A later report tried to quantify the amount of energy 
certain semiconductors could absorb before they suffered 
latent or catastrophic damage from electrostatic discharge. 2 
Despite these early warnings, industry did not begin to 
address the issue satisfactorily until the late 1970s. Listed 
below are the seven major sources of overvoltage. 

• Lightning 

• Sunspots 

• Switching of Loads in Power Circuits 

• Electrostatic Discharge 

• Nuclear Electromagnetic Pulses 

• Microwave Radiation 

• Power Cross 

Most electrical and electronic devices can be damaged 
by voltage transients. The difference between them is the 
amount of energy they can absorb before damage occurs. 
Because many modern semiconductor devices, such as 
small signal transistors and integrated circuits can be 
damaged by disturbances that exceed the voltage ratings 
at only 20 volts or so, their survivability is poor in unprotected 
environments. 

In many cases, as semiconductors have evolved their 
ruggedness has diminished. The trend to produce smaller 
and faster devices, and the advent of MOSFET and gallium 
arsenide FET technologies has led to an increased 
vulnerability. High impedance inputs and small junction sizes 
limit the ability of these devices to absorb energy and to 
conduct large currents. It is necessary, therefore, to 
supplement vulnerable electronic components with devices 
specially designed to cope with these hazards. Listed below 
are the four primary philosophies for protecting against 
transients. 

• Clamping, or "clipping" is a method of limiting the 
amplitude of the transient. 

• Shunting provides a harmless path for the transient, 
usually to ground by way of an avalanche or a crowbar 
mechanism. 

• Interrupting opens the circuit for the duration of the 
transient. 

• Isolating provides a transient barrier between hostile 
environments and vulnerable circuits through the use of 
transformers or optoisolators. 

Selection of the proper protective method should be made 
based upon a thorough investigation of the potential sources 
of the overvoltage hazard. Different applications and 
environments present different sources of overvoltage. 



LIGHTNING 

At any given time there are about 1 800 thunderstorms in 
progress around the world, with lightning striking about 1 00 
times each second. In the U.S., lightning kills about 150 
people each year and injures another 250. In flat terrain with 
an average lightning frequency, each 300 foot structure will 
be hit, on average, once per year. Each 1200 foot structure, 
such as a radio or TV tower, will be hit 20 times each year, 
with strikes typically generating 600 million volts. 

Each cloud-to-ground lightning flash really contains from 
three to five distinct strokes occurring at 60 ms intervals, with 
a peak current of some 20,000 amps for the first stroke and 
about half that for subsequent strokes. The final stroke may 
be followed by a continuing current of around 150 amps 
lasting for 100 ms. 

The rise time of these strokes has been measured at 
around 200 nanoseconds or faster. It is easy to see that the 
combination of 20,000 amps and 200 ns calculates to a value 
of dl/dt of 10 11 amps per second! This large value means 
that transient protection circuits must use RF design 
techniques, particularly considerate of parasitic inductance 
and capacitance of conductors. 

While this peak energy is certainly impressive, it is really 
the longer-term continuing current which carries the bulk of 
the charge transferred between the cloud and ground. From 
various field measurements, a typical lightning model has 
been constructed, as shown in Figure 1 . 
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Figure 1. Typical Lightning Model, with and without 
Continuing Current 
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Depending on various conditions, continuing current may 
or may not be present in a lightning strike. A severe lightning 
model has also been created, which gives an indication of 
the strength which can be expected during worst case 
conditions at a point very near the strike location. Figure 2 
shows this model. Note that continuing current is present at 
more than one interval, greatly exacerbating the damage 
which can be expected. A severe strike can be expected to 
ignite combustible materials. 
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Figure 2. Severe Lightning Model 

A direct hit by lightning is, of course, a dramatic event. In 
fact, the electric field strength of a lightning strike nearby may 
be enough to cause catastrophic or latent damage to 
semiconductor equipment. It is a more realistic venture to 
try to protect equipment from these nearby strikes than to 
expect survival from a direct hit. 

With this in mind, it is important to be able to quantify the 
induced voltage as a function of distance from the strike. 
Figure 3 shows that these induced voltages can be quite 
high, explaining the destruction of equipment from relatively 
distant lightning flashes. 
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Figure 3. Voltage Induced by Nearby 
Lightning Strike 



Burying cables does not provide appreciable protection as 
the earth is almost transparent to lightning radiated fields. 
In fact, underground wiring has a higher incidence of strikes 
than aerial cables.3 

SUNSPOTS 

The sun generates electromagnetic waves which can 
disrupt radio signals and increase disturbances on residential 
and business power lines. Solar flares, which run in cycles 
of 1 1 years (1 989 was a peak year) send out electromagnetic 
waves which disrupt sensitive equipment. 

Although not quantified, the effects of sunspot activity 
should be considered. Sunspots may be the cause of 
sporadic, and otherwise unexplainable problems in such 
sensitive areas. 

SWITCHING OF LOADS IN POWER CIRCUITS 

Inductive switching transients occur when a reactive load, 
such as a motor or a solenoid coil, is switched off. The rapidly 
collapsing magnetic field induces a voltage across the load's 
winding which can be expressed by the formula: 

V = -L (dl/dt) 

where L is inductance in henrys and dl/dt is the rate of 
change of current in amps per second. 

Such transients can occur from a power failure or the 
normal opening of a switch. The energy associated with the 
transient is stored within the inductance at power interruption 
and is equal to: 

W=1/2L/2 

where W is energy in joules and / is instantaneous current 
in amps at the time of interruption. 

As an example, a 1.4 to 2.5 kV peak transient can be 
injected into a 120 vac power line when the ignition system 
of an oil furnace is fired. It has also been shown that there 
are transients present on these lines which can reach as high 
as 6 kV. In locations without transient protection devices, the 
maximum transient voltage is limited to about 6 kV by the 
insulation breakdown of the wiring. 

Inductive switching transients are the silent killers of 
semiconductors as they often occur with no outward 
indication. A graphic example is the report of a large elevator 
company indicating the failure of 1000 volt rectifiers during 
a power interruption. In another area, power interruption to 
a 20 HP pump motor in a remote area was directly related 
to failure of sensitive monitoring equipment at that same site. 4 
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V = 600Vpk-pk ^=0.2 to 10 us 

No. of Repetitions - 5 to 1 00 t2 = 50 to 1 000 us 

Figure 4. Switching Transient Definition for Aircraft 
and Military Buses, per Boeing Document D6-16050 

After characterizing electrical overstress on aircraft power 
buses, Boeing published Document D6-16050 as shown in 
Figure 4. 

The military has developed switching transient definitions 
within several specifications including: 
DOD-STD-1399 for shipboard 
MIL-STD-704 for aircraft 
MIL-STD-1275 for ground vehicles 

The International Electrotechnical Commission (IEC) is 
now promoting their specification IEC 801-4 throughout the 
European community. This describes an inductive switching 
transient voltage threat having 50 ns wide spikes with 
amplitudes from 2 kV to 4 kV occurring in 300 ms wide 
bursts. 5 

Besides these particular military specifications, many are 
application specific and functional tests exist. A supplier of 
transient voltage suppressor components will be expected 
to perform to a wide variety of them. 

ELECTROSTATIC DISCHARGE (ESD) 

ESD is a widely recognized hazard during shipping and 
handling of many semiconductor devices, especially those 
that contain unprotected MOSFETs, semiconductors for use 
at microwave frequencies and very high speed logic with 
switching times of 2 ns or less. In response to this threat, 
most semiconductors are routinely shipped in containers 
made of conductive material. 

In addition to various shipping precautions, electronic 
assembly line workers should be grounded, use grounded-tip 
soldering irons, ionized air blowers and other techniques to 
prevent large voltage potentials to be generated and possibly 
discharged into the semiconductors they are handling. 

Once the assembled device is in normal operation, ESD 
damage can still occur. Any person shuffling his feet on a 
carpet and then touching a computer keyboard can possibly 
cause a software crash or, even worse, damage the 
keyboard electronics. 



The electrical waveform involved in ESD is a brief pulse, 
with a rise time of about 1 ns, and a duration of 1 00-300 us. 
The peak voltage can be as large as 30 kV in dry weather, 
but is more commonly 0.5-5.0 kV.6 The fastest rise times 
occur from discharges originating at the tip of a hand-held 
tool, while discharges from the finger tip and the side of the 
hand are slightly slower. 7 A typical human with a body 
capacitance of 150 pF, charged to 3 microcoulombs, will 
develop a voltage potential of 20 kV, according to the formula: 

V = Q/C 

where V is voltage, Q is charge and C is capacitance. The 
energy delivered upon discharge is: 

W = 1/2 CV 2 

where W is energy in joules, C is capacitance and V is 
voltage. 

It is interesting to note that most microcircuits can be 
destroyed by a 2500 volt pulse, but a person cannot feel a 
static spark of less than 3500 volts! 

NUCLEAR ELECTROMAGNETIC PULSES (NEMP) 

When a nuclear weapon is detonated, a very large flux 
of photons (gamma rays) is produced. These rays act to 
produce an electromagnetic field known as a nuclear 
electromagnetic pulse or NEMP. When a nuclear detonation 
occurs above the atmosphere, a particulary intense pulse 
illuminates all objects on the surface of the earth, and all 
objects in the lower atmosphere within line of sight of the 
burst. A burst 300-500 km above Kansas would illuminate 
the entire continental U.S. 

A typical NEMP waveform is a pulse with a rise time of 
about 5 ns and a duration of about 1 us. Its peak electric 
field is 50-100 kV/m at ground level. After such a pulse is 
coupled into spacecraft, aircraft and ground support 
equipment, it produces a waveform as described in 
MIL-STD-461C. The insidious effect of NEMP is its broad 
coverage and its potential for disabling military defense 
systems. 

MICROWAVE RADIATION 

Microwaves can be generated with such high power that 
they can disable electronic hardware upon which many 
military systems depend. A single pulse flux of 1 -8 MJ/cm 2 
burns out receiver diodes, and a flux of 1 -4 MJ/cm 2 causes 
bit errors in unshielded computers. 8 With automobiles 
utilizing MPU controls in more applications, it is important to 
protect against the effects of driving by a microwave 
transmitter. Likewise, a nearby lightning strike could also 
have detrimental effects to these systems. 

POWER CROSS 

Yet another source of electrical overstress is the accidental 
connection of signal lines, such as telephone or cable 
television, to an ac or dc power line. Strictly speaking, this 
phenomenon, known as a power cross, is a continuous state, 
not a transient. However, the techniques for ensuring the 
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survival of signal electronics after a power cross are similar 
to techniques used for protection against transient 
overvoltages. 

STANDARDIZED WAVEFORMS 

Fortunately, measurements of these hazards have been 
studied and documented in several industry specifications. 
For example, Bellcore Technical Advisory TA-TSY-000974 
defines the generic measurement waveform for any double 
exponential waveform, which is the basis for most of the 
specific applications norms. 

The predominant waveform for induced lightning 
transients, set down by Rural Electrification Administration 
Document PE-60, is shown in Figure 5. This pulse test, 
performed at the conditions of 100 V/^s rise, 10/1000 us, 
Ip = 1 kV, is one of the two most commonly specified in the 
industry. The other is the 8/20 \is waveform, shown in Figure 
6. 
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Figure 5. Pulse Waveform (10/1000 (is) 
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Figure 6. Pulse Waveform (8/20 us) 



TRANSIENT VOLTAGE SUPPRESSION 
AND TELECOM 

TRANSIENT VOLTAGE SURGE SUPPRESSION 
COMPONENTS ON DATA AND TELEPHONE LINES 

Lines carrying data and telephone signals are subject to 
a number of unwanted and potentially damaging transients 
primarily from two sources: lightning and "power crosses." 
A power cross is an accidental connection of a signal line 



to a powerline. Transients from lightning can impress 
voltages well above a kilovolt on the line but are of short 
duration, usually under a millisecond. Lightning transients are 
suppressed by using Transient Voltage Surge Suppressor 
(TVS) devices. TVS devices handle high peak currents while 
holding peak voltage below damaging levels, but have 
relatively low energy capability and cannot protect against 
a power cross fault. The first TVS used by telephone 
companies is the carbon block, but its peak let-through 
voltage was too high for modern equipment using 
unprotected solid state circuitry. A number of other 
components fill today's needs. 

The power cross condition causes a problem with 
telephone lines. Fast acting fuses, high speed circuit 
breakers and positive temperature coefficient thermistors 
have been successfully used to limit or interrupt current 
surges exceeding a millisecond. 

Over the years, telecommunications switching equipment 
has been transitioning from electromechanical relays to 
integrated circuits and MOSFET technology. The newer 
equipment operates at minimal electrical currents and 
voltages, which make it very efficient. It is therefore quite 
sensitive to electrical overloads caused by lightning strikes 
and other transient voltage sources, and by power crosses. 

Because of the deployment of new technology, both in new 
installations and in the refurbishment of older systems, the 
need for transient protection has grown rapidly. It is widely 
recognized that any new equipment must include protection 
devices for reasons of safety, reliability and long term 
economy. 

The major telecom companies, in their never ending quest 
for the elimination of electromechanical technology have 
been looking at a number of novel methods and 
implementations of protection. These methods provide for 
solutions to both the primary and secondary protection 
categories. 

A number of studies have been conducted to determine 
the transient environment on telephone lines. Very little has 
been done with data lines because a typical situation does 
not exist. However, information gathered from telephone line 
studies can serve as a guide for data lines. 

Past studies on telephone lines coupled with the high 
current capability of arc type arrestors and the conservative 
nature of engineers seem to have produced specifications 
which far exceed the real need. A recent study by Bell South 
Services^ reported that the highest level of transient energy 
encountered was well below standards and specifications in 
common use. Now, solid state devices perform adequately 
for many applications. However the stringent specifications 
of some regulatory agencies promote arc-type arrestors, 
though solid state devices would be a better choice. 

PRIMARY PROTECTION 

Primary protection is necessary to protect against high 
voltage transients which occur in the outdoor environment. 
These transients include induced lightning surges and ac 
cross conditions. 
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As such, primary protection is located at the point where 
wiring enters the building or terminal box. It is the first line 
defense against outside hazards. TVS devices located 
where lines enter a building are called primary protectors. 
Protectors connected to indoor lines are referred to as 
secondary protectors. Both primary and secondary 
protectors are required to provide complete equipment 
protection. 

Today, primary protection is most generally accomplished 
through the use of surge protector modules. For telecom, 
these are designed specifically for the environment and the 
standards dictated by the telecom applications. They 
typically contain a two or three element gas arrestor tube and 
a mechanically-triggered heat coil. Some also include air gap 
carbon block arrestors which break over at voltages above 
about 1500 volts. 

Some modules contain high speed diodes for clamp 
response in the low nanoseconds. This provides protection 
until the gas tube fires, generally in about one microsecond. 
The diodes may be connected between the tip, ring and 
ground conductors in various combinations. The 5ESS 
electronic switching system norms dictate design and 
performance requirements of TVS modules in use today. Test 
methods are spelled out in REA PE-80, a publication of the 
Rural Electrification Administration. 

In the U.S. alone, 58 million primary protection modules 
are sold annually, about 40 million for central offices and 1 8 
million for station locations, such as building entrances. 
Eighty percent of these use gas tubes, 16% use air-gap 
carbon blocks, and only 2% (so far) are solid state. 

SECONDARY PROTECTION 

Secondary protection is necessary for the equipment 
inputs, and as such, is located between the primary protector 
and the equipment. Secondary protection is generally 
accomplished with one or more TVS components, as 
opposed to the modules used for primary. It is often placed 
on a circuit board along with other components handling 
other duties, such as switching. Secondary protection is 
applied to lines associated with long branch circuits which 
have primary protection a significant distance away, to 
internal data lines, and to other locations requiring additional 
local hazard-proofing. 

While not as open to external transients as the primary, 
secondary can still see peak open circuit voltages in excess 
of 1000 volts and short circuit currents of hundreds of amps. 
These transients may be locally generated, or they may be 
residuals from the primary protectors upstream. 

STANDARDS 

Transient voltage waveforms are commonly described in 
terms of a dual exponential wave as defined in Figure 7. The 
standard chosen for power lines is a 1 .2/50 us voltage wave 
which causes an 8/20 us current wave. Although the source 
of the most severe transients on telecom lines is the same 
as for power lines and lightning, the higher impedance per 
unit length of the telephone line stretches the waves as they 
propagate through the lines. 
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Figure 7. Definition of Double Exponential 
Impulse Waveform 

The 10/1000 us wave approximates the worst case 
waveform observed on data and telecom lines. TVS devices 
intended for this service are usually rated and characterized 
using a 10/1000 waveform. The Bell South study revealed 
that the worst transient energy handled by primary protectors 
on lines entering a central office was equivalent to only 27 
A peak of a 10/1000 wave. This level is considerably less 
than that required by secondary protectors in most of the 
standards in use today. This finding is particularly significant 
because the Bell South service area includes Central Florida, 
the region experiencing the highest lightning activity in the 
United States. 

The United States Federal Communications Commission 
(FCC) has defined mandatory requirements for equipment 
which is to be connected to the U.S. telephone network. In 
some cases, U.S. equipment must meet standards 
developed by the Rural Electrification Agency (REA). Many 
nations demand compliance to standards imposed by the 
Consultative Committee, International Telegraph and 
Telephone (CCITT). In addition, most equipment users 
demand safety certification from U.L., which has its own 
standards. 

The FCC Standards are based on a worst case residue 
from a carbon block primary protector installed where the 
phone line enters the building. The CCITT standard is 
applicable for situations lacking primary protection, other than 
wiring flashover. Companies entering the telephone 
equipment or protector market will need to obtain and 
become familiar with the appropriate governing standards. 

TRANSIENT VOLTAGE PROTECTION 
COMPONENTS 

GENERAL TVS CHARACTERISTICS 

A number of transient voltage suppressor (TVS) devices 
are available. Each finds use in various applications based 
upon performance and cost. All types are essentially 
transparent to the line until a transient occurs; however, some 
devices have significant capacitance which loads the line for 
ac signals. A few of the these are described in Table 1 . 

Based upon their response to an overvoltage, TVS devices 
fit into two main categories, clamps and crowbars. A clamp 
conducts when its breakdown voltage is exceeded and 
reverts back to an open circuit when the applied voltage 
drops below breakdown. A crowbar switches into a low 
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voltage, low impedance state when its breakover voltage is 
exceeded and restores only when the current flowing through 
it drops below a "holding" level. 

CLAMP DEVICES 

All clamp devices exhibit the general V-l characteristic of 
Figure 8. There are variations; however, some clamps are 
asymmetric. In the non clamping direction, some devices 
such as the zener TVS exhibit the forward characteristic of 
a diode while others exhibit a very high breakdown voltage 
and are not intended to handle energy of "reverse" polarity. 
Under normal operating conditions, clamp devices appear 
virtually as an open circuit, although a small amount of 
leakage current is usually present. With increasing voltage 
a point is reached where current increases rapidly with 
voltage as shown by the curved portion of Figure 8. The 
rapidly changing curved portion is called the "knee region." 
Further increases in current places operation in the 
"breakdown" region. 




Figure 8. Static Characteristics of a Clamp Device 

In the knee region the V-l characteristic of clamping 
devices can be approximated by the equation: 

l = KVs (1) 



where K is a constant of proportionality and s is an exponent 
which defines the "sharpness factor" of the knee. The 
exponent s is 1 for a resistor and varies from 5 to over 1 00 
for the clamping devices being used in TVS applications. A 
high value of s i.e., a sharp knee, is beneficial. A TVS device 
can be chosen whose breakdown voltage is just above the 
worst case signal amplitude on the line without concern of 
loading the line or causing excessive dissipation in the TVS. 

As the current density in the clamp becomes high, the 
incremental resistance as described by Equation 1 becomes 
very small in comparison to the bulk resistance of the 
material. The incremental resistance is therefore ohmic in the 
high current region. 

Unfortunately, a uniform terminology for all TVS devices 
has not been developed; rather, the terms were developed 
in conjunction with the appearance of each device in the 
marketplace. The key characteristics normally specified 
define operation at voltages below the knee and at currents 
above the knee. 

Leakage current is normally specified below the knee at 
a voltage variously referred to as the stand-off voltage, peak 
working voltage or rated dc voltage. Some devices are rated 
in terms of an RMS voltage, if they are bidirectional. Normal 
signal levels must not exceed this working voltage if the 
device is to be transparent. 

Breakdown voltage is normally specified at a fairly low 
current, typically 1 mA, which places operation past the knee 
region. Worst case signal levels should not exceed the 
breakdown voltage to avoid the possibility of circuit 
malfunction or TVS destruction. 

The voltage in the high current region is called the 
clamping voltage, Vrj. It is usually specified at the maximum 
current rating for the device. To keep Vc close to the 
breakdown voltage, s must be high and the bulk resistance 
low. A term called clamping factor, (Frj) is sometimes used 
to describe the sharpness of the breakdown characteristic. 
Fc is the ratio of clamping voltage to the breakdown voltage. 
As the V-l characteristic curve of the TVS approaches a right 
angle, the clamping factor approaches unity. Clamping factor 
is not often specified, but it is useful to describe clamp device 
behavior in general terms. 



Table 1. Comparison of TVS Components 



Type 


Protection 
Time 


Protection 
Voltage 


Power 
Dissipation 


Reliable 
Performance 


Expected 
Life 


Other 
Considerations 


GAS TUBE 


> 1 |iS 


60- 100 V 


Nil 


No 


Limited 


Only 50-2500 surges. 
Can short power line. 


MOV 


10-20 ns 


>300 V 


Nil 


No 


Degrades 


Fusing required. Degrades. 
Voltage level too high. 


AVALANCHE TVS 


50 ps 


3-400 V 


Low 


Yes 


Long 


Low power dissipation. 
Bidirectional requires dual. 


THYRISTOR TVS 


< 3 ns 


30-400 V 


Nil 


Yes 




High capacitance. 
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Clamp devices generally react with high speed and as a 
result find applications over a wide frequency spectrum. No 
delay is associated with restoration to the off state after 
operation in the breakdown region. 

CROWBAR DEVICES 

Crowbar TVS devices have the general characteristics 
shown in Figure 9. As with clamp devices, asymmetric 
crowbars are available which may show a diode forward 
characteristic or a high voltage breakdown in one direction. 




Figure 9. Static Characteristics of a 
Bidirectional Crowbar Device 



The major difference between a crowbar and a clamp is 
that, at some current in the breakdown region, the device 
switches to a low voltage on-state. In the clamping region 
from li to I2, the slope of the curve may be positive as shown 
by segment 1 , negative (segment 2) or exhibit both 
characteristics as shown by segment 3. A slightly positive 
slope is more desirable than the other two curves because 
a negative resistance usually causes a burst of high 
frequency oscillation which may cause malfunction in 
associated circuitry. However, a number of performance and 
manufacturing trade-offs affect the shape of the slope in the 
clamping region. 

A crowbar TVS has an important advantage over a clamp 
TVS in that it can handle much larger transient surge current 
densities because the voltage during the surge is 
considerably lower. In a telephone line application, for 
example, the clamping level must exceed the ring voltage 
peak and will typically be in the vicinity of 300 volts during 
a high current surge. The on-state level of the crowbar may 
be as low as 3 volts for some types which allows about two 
orders of magnitude increase in current density for the same 
peak power dissipation. 

However, a crowbar TVS becomes "latched" in the 
on-state. In order to turn off its current flow the driving voltage 
must be reduced below a critical level called the holding or 
extinguishing level. Consequently, in any application where 
the on-state level is below the normal system voltage, a 
follow-on current occurs. In a dc circuit crowbars will not turn 
off unless some means is provided to interrupt the current. 
In an ac application crowbars will turn off near the zero 
crossing of the ac signal, but a time delay is associated with 
turn-off which limits crowbars to relatively low frequency 
applications. In a data line or telecom application the turn-off 



delay causes a loss of intelligence after the transient surge 
has subsided. 

A telephone line has both ac and dc signals present. 
Crowbars can be successfully used to protect telecom lines 
from high current surges. They must be carefully chosen to 
ensure that the minimum holding current is safely above the 
maximum dc current available from the lines. 

TVS DEVICES 

A description of the various types of TVS devices follows 
in the chronological order in which they became available. 
Used appropriately, sometimes in combination, any transient 
protection problem can be suitably resolved. Their symbols 
are shown in Figure 10. 



Figure 10. TVS Devices and Their Symbols 



AIR GAP ARRESTORS 

The air gap is formed by a pair of metal points rigidly fixed 
at a precise distance. The air ionizes at a particular voltage 
depending upon the gap width between the points. As the 
air ionizes breakover occurs and the ionized air provides a 
low impedance conductive path between the points. 

The breakover threshold voltage is a function of the air's 
relative humidity; consequently, open air gaps are used 
mainly on high voltage power lines where precise 
performance is not necessary. For more predictable 
behavior, air gaps sealed in glass and metal packages are 
also available. 

Because a finite time is required to ionize the air, the actual 
breakover voltage of the gap depends upon the rate of rise 
of the transient overvoltage. Typically, an arrestor designed 
for a 120 V ac line breaks over at 2200 volts. 

Air gaps handle high currents in the range of 10,000 
amperes. Unfortunately, the arc current pits the tips which 
causes the breakover voltage and on-state resistance to 
increase with usage. 



Air-Gap 2- and 3-Element Heat Coil Metal Oxide 
Carbon Block Gas Tubes Switch Varistor (MOV) 



Zener Unidirectional Bidirectional 

Regulator Avalanche TVS Device Avalanche TVS Device 



Thyristor TVS Devices 



Dual Thyristor TVS Devices 
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CARBON BLOCK ARRESTORS 

The carbon block arrestor, developed around the turn of 
the century to protect telephone circuits, is still in place in 
many older installations. The arrestor consists of two carbon 
block electrodes separated by a 3 to 4 mil air gap. The gap 
breaks over at a fairly high level — approximately 1 kV — 
and cannot be used as a sole protection element for modern 
telecom equipment. The voltage breakdown level is irregular. 
With use, the surface of the carbon block is burned which 
increases the unit's resistance. In addition, the burned 
material forms carbon tracks between the blocks causing a 
leakage current path which generates noise. Consequently, 
many of the carbon blocks in service are being replaced by 
gas tubes and are seldom used in new installations. 

SILICON CARBIDE VARISTORS 

The first non-linear resistor to be developed was called 
a "varistor." It was made from specially processed silicon 
carbide and found wide use in high power, high voltage TVS 
applications. It is not used on telecom lines because its 
clamping factor is too high: s is only about 5. 

GAS SURGE ARRESTORS 

Gas surge arrestors are a sophisticated modification of the 
air gap more suited to telecom circuit protection. Most often 
used is the "communication" type gap which measures about 
3/8 inch in diameter and 1/4 inch thick. A cross section is 
shown in Figure 11. They consist of a glass or ceramic 
envelope filled with a low pressure inert gas with specialized 
electrodes at each end. Most types contain a minute quantity 
of radioactive material to stabilize breakover voltage. 
Otherwise, breakover is sensitive to the level of ambient light. 

Because of their small size and fairly wide gap, 
capacitance is very low, only a few picofarads. When not 
activated, their off-state impedance or insulation resistance 
is virtually infinite. 




ELECTRODES DISCHARGE INSULATOR 
REGION (GLASS OR 



CERAMIC MATERIAL) 

Figure 11. Gas Arrestor Cross Section 



Key electrical specifications for this TVS type include 
breakover voltage (dc & pulse), maximum holdover voltage, 
arc voltage, and maximum surge current. 

The breakover voltage is rated at a slow rate of rise, 
5000 V/s, essentially dc to a gas arrestor. Typical dc voltage 
ratings range from 75 V through 300 V to provide for most 
communication systems protection requirements. The 
maximum pulse voltage rating is that level at which the device 
fires and goes into conduction when subjected to a fairly rapid 
rate of voltage rise, (dv/dt) usually 100 V/us. Maximum rated 
pulse voltages typically range from 400 V to 600 V, 
depending on device type. 

A typical waveform of a gas surge arrestor responding to 
a high voltage pulse is shown in Figure 12. From the 
waveform, it can be seen that the dv/dt of the wave is 1 0Ov/jis 
and the peak voltage (the breakover voltage) is 520 V. 
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Figure 12. Voltage Waveform of Gas Surge Arrestor 
Responding to a Surge Voltage 



Gas surge arrestors fire faster but firing voltage increases 
as the transient wave fronts increase in slope as illustrated 
in Figure 13. The near vertical lines represent the incident 
transient rise time. Note that the response time is greater than 
0.1s at slow rise times but decreases to less than 0.1 (is for 
risetimes of 20 kV/us. However, the firing voltage has 
increased to greater than 1000 V for the gas tube which 
breaks over at 250 Vdc. 

The driving circuit voltage must be below the holdover 
voltage for the gap to extinguish after the transient voltage 
has passed. Holdover voltage levels are typically 60% to 70% 
of the rated dc breakdown voltage. 

Arc voltage is the voltage across the device during 
conduction. It is typically specified at 5 to 10 V under a low 
current condition, but can exceed 30 V under maximum rated 
pulse current. 

The maximum surge current rating for a 8/20 (is waveform 
is typically in the 10 kA to 20 kA range for communication 
type devices. For repetitive surges with a 10/1000 wave, 
current ratings are typically 100 A, comfortably above the 
typical exposure levels in a telephone subscriber loop. 
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Gas tubes normally provide long life under typical 
operating conditions, however; wear-out does occur. 
Wear-out is characterized by increased leakage current and 
firing voltage. An examination of gas tubes in service for six 
to eight years revealed that 15% were firing outside of their 
specified voltage limits.9 Because firing voltage increases 
with use, protectors often use an air gap backup in parallel 
with the gas tube. End-of-life is often specified by 
manufacturers as an increase of greater than 50% of 
breakover or firing voltage. Other limits include a decrease 
in leakage resistance to less than 1 mW. 

The features and limitations of gas tube surge arrestors 
are listed below. 

Advantages: 

• High current capability 

• Low capacitance 

• Very high off-state impedance 
Disadvantages: 

• Slow response time 

• Limited life 

• High let-through voltage 

• Open circuit failure mode 

Principally because of their high firing voltage, gas surge 
arrestors are not suitable for use as the sole element to 
protect modern equipment connected to a data or telecom 
line. However, they are often part of a protection network 
where they are used as the primary protector at the building 
interface with the outside world. 

SELENIUM CELLS 

Polycrystalline diodes formed from a combination of 
selenium and iron were the forerunners of monocrystalline 
semiconductor diodes. The TVS cells are built by depositing 



the polycrystalline material on a metal plate to increase their 
thermal mass thereby raising energy dissipation. The cells 
exhibit typical diode characteristics and a non-linear reverse 
breakdown which is useful for transient suppression. Cells 
can be made which are "self-healing"; that is, the damage 
which occurs when subjecting them to excessive transient 
current is repaired with time. 

Selenium cells are still used in high power ac line 
protection applications because of their self-healing 
characteristic; however, their high capacitance and poor 
clamping factor (s » 8) rule them out for data or telecom line 
applications. 

METAL OXIDE VARISTORS 

The metal oxide varistor (MOV) is composed of zinc oxide 
granules in a matrix of bismuth and other metal oxides. The 
interface between the zinc oxide and the matrix material 
exhibits characteristics similar to that of a p-n junction having 
a voltage breakdown of about 2.6 V. With this structure the 
electrical equivalent is that of groups of diodes In parallel 
which are stacked in series with similar parallel groups to 
provide the desired electrical parameters. The taller the 
stack, the higher the breakdown and operating voltage. 
Larger cross-sections provide higher current capability. The 
structure of an MOV is shown in Figure 14. 




Figure 14. MOV Cross Section 
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MOV (27 V) 
Vert: 10 V/div 
Horiz: 0.5 ms/div 

Transient Source Impedance: 0.55 Q 
Vpeak = 62.5 V 



Figure 15. MOV Clamping Voltage Waveform 



MOVs, formed from a ceramic-like material, are usually 
produced in the shape of discs with most widely used MOVs 
having diameters of 7mm, 14mm, and 20mm. The disc 
surfaces are coated with a highly conductive metal such as 
silver to assure uniform conduction through the cross 
sectional area of the device. After terminal attachment the 
parts are coated with a durable plastic material. 

The typical voltage spectrum of MOVs ranges from 8 V 
through 1000 V for individual elements. Pulse current 
capability (8/20 us) ranges from a few amperes to several 
thousands of amperes depending on the element's size. The 
V-l characteristic of MOVs is similar to Figure 8. Their 
clamping factor is fairly good; s is in the vicinity of 25. 

Key electrical specifications include: operating voltage, 
breakdown voltage, peak current maximum clamping 
voltage, and leakage current. 

The maximum operating voltage specified is chosen to be 
below the breakdown voltage by a margin sufficient to 
produce negligible heating under normal operating 
conditions. Breakdown voltage is the transition point at which 
a small increase in voltage results in a significant increase 
in current producing a clamping action. Maximum limits for 
breakdown voltage are typically specified at 1 mA with upper 
end limits ranging from 20% to 40% greater than the minimum 
breakdown voltage. 

Maximum peak current is a function of element area and 
ranges from tens of amperes to tens of thousands of 
amperes. MOVs are typically pulse rated with an 8/20 us 
waveform since they are intended primarily for use across 
power lines. 

The clamping characteristics of a 27 V ac rated MOV, with 
a 4 joule maximum pulse capability is shown in Figure 15. 
The transient energy is derived from an exponentially 
decreasing pulse having a peak amplitude of 90 V. The pulse 
generator source impedance is 0.55 W. Peak clamping 
voltage is 62.5 V while the developed current is 50 A. The 
clamping factor calculates to be 2.3. 



Leakage currents are listed for MOVs intended for use in 
sensitive protection applications but are not normally listed 
for devices most often used on power lines. Leakage current 
behavior is similar to that of a p-n junction. It roughly doubles 
for every 10°C increase in temperature and also shows an 
exponential dependence upon applied voltage. At a voltage 
of 80% of breakdown, leakage currents are several 
microamperes at a temperature of 50°C. 

Although the theory of MOV operation is not fully 
developed, behavior is similar to a bidirectional avalanche 
diode. Consequently its response time is very fast. 

Life expectancy is an important characteristic generated 
under pulse conditions. A typical example is shown in Figure 
16. The data applies to 20 mm diameter disc types having 
rated rms voltage from 1 30 V to 320 V. Lifetime rating curves 
are usually given for each device family. 
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Figure 16. MOV Pulse Life Curve 
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For a single 8/20 (is pulse, the device described in Figure 
16 is rated at 6500 A; however, it must be derated by more 
than two orders of magnitude for large numbers of pulses. 
Longer duration pulses also require further derating. For 
example, for a 10/1000 us duration pulse, this family of 
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devices has a maximum pulse rating of about 100 A on a 
single shot basis and devices must be derated to less than 
10A for long lifetimes in excess of 100,000 pulses. 

End-of-life for an MOV is defined as the voltage breakdown 
degrading beyond the limits of ± 10%. As MOVs are pulsed, 
they degrade incrementally as granular interfaces are 
overheated and changed to a highly conductive state. Failure 
occurs in power line applications when the breakdown 
voltage has degraded to the point where the MOV attempts 
to clip the powerline peaks. In telecom applications, their 
breakdown must be above the peaks of the impressed ac 
line during a ring cycle or a power cross; otherwise an 
immediate catastrophic failure will occur. 

When MOVs fail catastrophically they initially fail short. 
However, if a source of high energy is present as might occur 
with a power cross, the follow-on current may cause the part 
to rupture resulting in an open circuit. 

The advantages and shortcomings of using an MOV for 
general purpose protection in microprocessor based circuitry 
include the following: 

Advantages: 

• High current capability 

• Broad voltage spectrum 

• Broad current spectrum 

• Fast response 

• Short circuit failure mode 
Disadvantages: 

• Gradual decrease of breakdown voltage 

• High capacitance 

The capacitance of MOVs is fairly high because a large 
device is required in order to achieve a low clamping factor; 
consequently, they are seldom used across telecom lines. 
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Figure 18. Typical Insertion and Surface Mount Silicon 
TVS Packages — Zeners and Thyristors 



Key electrical parameters include maximum operating 
voltage, maximum reverse breakdown voltage, peak pulse 
current, peak clamping voltage, peak pulse power, and 
leakage current. 

The normal operating or working voltage is usually called 
the reverse standoff voltage in specification sheets. Devices 
are generally available over the range of 5 V through 250 V. 
Standoff voltage defines the maximum peak ac or dc voltage 
which the device can handle. Standoff voltage is typically 
10% to 15% below minimum reverse breakdown voltage. A 
listing of TVS products available from Motorola is shown in 
Table 2. 



ZENER TVS 

Zener TVS devices are constructed with large area silicon 
p-n junctions designed to operate in avalanche and handle 
much higher currents than their cousins, zener voltage 
regulator diodes. Some manufacturers use small area mesa 
chips with metal heatsinks to achieve high peak power 
capability. However, Motorola has determined that large area 
planar die produce lower leakage current and clamping 
factor. The planar construction cross section is shown in 
Figure 17 and several packages are shown in Figure 18. 



PLASTIC 
ENCAPSULATION 



Table 2. Motorola Zener TVS Series 
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Figure 17. Zener TVS Cross-Section 



DEVICE 
SERIES 


RANGE 


PULSE 
POWER 
RATING 
(100/1000 
PULSE) 


PACKAGE 


•SA5.0A-SA170A 


6.8-200 


500 W 


Axial 


•P6KE6.8A - 
P6KE200A 


6.8-200 


600 W 


Axial 


•1.5KE6.8A- 
1.5KE250A 


6.8-250 


1500W 


Axial 


1SMB5.0AT3- 
1SMB170AT3 


6.8-200 


600 W 


SMB 


P6SMB6.8AT3 - 
P6SMB200T3 


6.8-200 


600 W 


SMB 


1SMC5.0AT3- 
1SMC78AT3 


6.8-91 


1500W 


SMC 


1.5SMC6.8AT3 
1.5SMC91AT3 


6.8-91 


1500W 


SMC 


MMBZ15VDLT1 


15 


ESQ Protection 
>15kV 


SOT-23 



• Available in bidirectional configurations 
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The reverse breakdown voltage is specified at a bias level 
at which the device begins to conduct in the avalanche mode. 
Test current levels typically are 1 mA for diodes which 
breakdown above 1 V and 1 mA for lower voltage devices. 
Softening of the breakdown knee, that is, lower s, for lower 
voltage p-n junction devices requires a higher test current 
for accurate measurements of reverse breakdown voltage. 
Diodes that break down above 10 V display a very sharp 
knee; s is over 100. 

Peak pulse current is the maximum upper limit at which 
the device is expected to survive. Silicon p-n junctions are 
rated for constant power using a particular transient 
waveform; consequently, current is a function of the peak 
clamping voltage. For example, a 6.8 V device handles about 
28 times the pulse current that a 220 V device will withstand; 
however, both the 6.8 V and 220 V types dissipate the same 
peak power under the same pulse waveform conditions. Most 
Zener TVS diodes are rated for 1 0/1 000 (is waveform pulses 
which are common in the telecom industry. 

The clamping voltage waveform of a 27 V Zener TVS 
having a 1 .5 joule capability is illustrated in Figure 1 9. Its peak 
voltage is 30.2 V. The transient energy source is the same 
as applied to the MOV whose response is shown in Figure 
1 0. However, the current through the Zener TVS is over 1 00 
A, much higher than occurs with the MOV because the 
clamping voltage is significantly lower. Despite the higher 
pulse current, the Zener displays much better clamping 
action; its clamping factor is 1.1. 




TIME (500 ns/DIVISION) 
Figure 19. Zener TVS Clamping Voltage Waveform 



Peak pulse power is the instantaneous power dissipated 
at the rated pulse condition. Common peak pulse power 
ratings are 500 W, 600 W, and 1500 W for 10/1000 (is 
waveforms. As the pulse width decreases, the peak power 
capability increases in a logarithmic relationship. An example 
of a curve depicting peak pulse power versus pulse width 
is shown in Figure 20. The graph applies to the 1 .5 kW series 
(10/1000 pulse) of TVS diodes and can be interpolated to 



determine power ratings over a broad range of pulse widths. 
At 50 (is, the maximum rated power shown in the curve is 
6 kW, which is four times greater than the rating at 1 ms. The 
current handling capability is also increased roughly by this 
same factor of four. 




0.1 (is 1 (is 10 (is 100|is 1ms 10 ms 
tp, PULSE WIDTH 
Figure 20. Peak Pulse Power Rating 
for a Popular Zener TVS Family 



To increase power capability devices are stacked in series. 
For example, doubling the power capability requirement for 
a 100 V, 1.5 kW Zener TVS is easily done by placing two 
50 V devices in series. Clamping factor is not significantly 
affected by this arrangement. 

Although leakage current limits are relatively high for the 
industry low voltage types (500 (iA to 1000 (iA), dropping 
off to 5 uA or less for voltages above 10 V, the planar die 
in use by Motorola exhibit considerably less leakage than 
the specified limits of the industry types. 

Capacitance for the popular 1500 W family exceeds 
1 0,000 pF at zero bias for a 6.8 V part, dropping exponentially 
to less than 1 00 pF for a 200 V device. Capacitance drops 
exponentially with a linear increase in bias. The capacitance 
of a 6.8 V device is 7000 pF, while the 200 V part measures 
under 60 pF, at their respective standoff voltages. 

Capacitance loads the signal line at high frequencies. For 
high speed data transmission circuits, low capacitance is 
achieved by placing two diodes in a series stack as shown 
in Figure 21. Under normal operation the top diode (Ds) 
operates at essentially zero bias current. Since its power 
dissipation requirement is small, its area can be much smaller 
than that of the TVS diode (Dz) in order to provide low 
capacitance. The top diode normally is not intended to be 
used in avalanche. Consequently if a negative voltage 
exceeding the reverse rating of the stack could occur, the 
low capacitance diode must be protected by another diode 
(Dp) shown connected by dotted lines on Figure 21 . The 
arrangement of Figure 21 is satisfactory for situations where 
the signal on the line is always positive. When the signal is 
ac, diode Dp is replaced by another low capacitance stack, 
connected in anti-parallel. 
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Figure 21 . A Series Stack to Achieve Low 
Capacitance with Zener TVS Diodes 

Switching speed is a prime attribute of the zener TVS. 
Avalanche action occurs in picoseconds but performing tests 
to substantiate the theory is extremely difficult. As a practical 
matter, the device may be regarded as responding 
instantaneously. Voltage overshoots which may appear on 
protected lines are the result of poor layout and packaging 
or faulty measurement techniques. 

The p-n junction diode is a unidirectional device. For use 
on ac signal lines, bidirectional devices are available which 
are based upon stacking two diodes back to back. Most 
manufacturers use monolithic NPN and PNP structures. The 
center region is made relatively wide compared to a transistor 
base to minimize transistor action which can cause increased 
leakage current. 

No wearout mechanism exists for properly manufactured 
Zener diode chips. They are normally in one of two states; 
good, or shorted out from over-stress. Long-term life studies 
show no evidence of degradation of any electrical 
parameters prior to failure. Failures result from stress which 
causes separation of the metal heat sink from the silicon chip 
with subsequent overheating and then failure. Like MOVs, 
silicon, chips quickly fail short under steady state or long 
duration pulses which exceed their capabilities. 

The strengths and weaknesses of Zener TVS devices are 
listed below. 



Advantages: 

• High repetitive pulse power ratings 

• Low clamping factor 

• Sub-nanosecond turn-on 

• No wearout 

• Broad voltage spectrum 

• Short circuit failure mode 
Disadvantages: 

• Low non-repetitive pulse current 

• High capacitance for low voltage types 

Because of their fast response and low clamping factor, 
silicon devices are used extensively for protecting 
microprocessor based equipment from voltage surges on dc 
power buses and I/O ports. 



THYRISTOR DIODES 

The most recent addition to the TVS arsenal is the thyristor 
surge suppressor (TSS). The device has the low clamping 
factor and virtually instantaneous response characteristic of 
a silicon avalanche (Zener) diode but, in addition, it switches 
to a low voltage on-state when sufficient avalanche current 
flows. Because the on-state voltage is only a few volts, the 
TSS can handle much higher currents than a silicon diode 
TVS having the same chip area and breakdown voltage. 
Furthermore, the TSS does not exhibit the large overshoot 
voltage of the gas tube. 

Thyristor TVS diodes are available with unidirectional or 
bidirectional characteristics. The unidirectional type behaves 
somewhat like an SCR with a Zener diode connected from 
anode to gate. The bidirectional type behaves similarly to 
a triac having a bidirectional diode (Diac) from main terminal 
to gate. 

Packaged TSS chips are shown in Figure 18. Figure 22a 
shows a typical positive switching resistance bidirectional 
TSS chip. Construction of the device starts with an n material 
wafer into which the p-bases and n-emitters are diffused. 
There are four layers from top to bottom on each side of the 
chip, forming an equivalent SCR. Only half the device 
conducts for a particular transient polarity. 
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Figure 22a. Chip Construction 
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Figure 22b. Cross Section 
of Left Side 



Figure 22c. Circuit Model 
of Left Side 



Figure 22d. Circuit Symbol 



The "gate" does not trigger the SCR, instead, operation 
in the Zener mode begins when the collector junction 
avalanches. Note that the p-bases pass through the 
n-emitters in a dot pattern and connect to the contact metal 
covering both halves of the chip. This construction technique 
provides a low resistance path for current flow and prevents 
it from turning on the NPN transistor. Therefore, at relatively 
low currents, the device acts like a low gain PIMP transistor 
in breakdown. The Zener diode is the collector base junction 
of the PNP transistor. Negative resistance TSS devices are 
similarly constructed but start with p-type material wafer, 
allowing the fabrication of a high-gain NPN transistor. The 
switchback in voltage with increasing current is caused by 
the gain of the NPN. 

Both device types switch on completely when the current 
flow through the base emitter shunt resistance causes 
enough voltage drop to turn on the emitter and begin four 
layer action. Now the device acts like an SCR. The collector 



current of the PNP transistor (Figure 22c) provides the base 
drive for the NPN transistor. Likewise, the collector current 
of the NPN transistor drives the base of the PNP causing 
the two devices to hold one another on. Both the p and n 
emitters flood the chip with carriers resulting in high electrical 
conductivity and surge current capability. 

When driven with high voltage ac, which occurs during a 
power cross, positive resistance TSS devices act like a Zener 
diode until the ac voltage drives the load line through the 
point where regeneration occurs. Then it abruptly switches 
to a low voltage. When the peak ac current is just below the 
current required for breakover, the device operates mainly 
as a Zener and power dissipation is high although the current 
is low. When the ac current peak is well above breakover, 
(>10 A), the device operates mainly as an SCR, and the low 
on-state voltage causes power dissipation to be relatively 
low. 
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Negative resistance devices operate in a similar fashion. 
However, their behavior is dependent upon the "load line," 
that is, the equivalent resistance which the device "sees." 
When the load resistance is high (>1000 W) behavior is 
similar to that of a positive resistance TSS in that high 
instantaneous power dissipation occurs as the load line is 
driven along the high voltage region of the TSS prior to 
switching. 

When a TSS with a negative resistance characteristic is 
driven with a low "load" resistance, switching occurs when 
the load line is tangent to the peak of the negative resistance 
curve. Thus, complete turn-on can occur at a very low current 
if the load resistance is low and the device has a "sharp" 
switchback characteristic. 

Leakage and the Zener knee voltage increase with 
temperature at eight percent and 0.11% per °C respectively 
for 200 V positive resistance types. But the current required 
to cause regeneration falls with temperature, causing less 
Zener impedance contribution to the breakover voltage, 
resulting in a large reduction in the breakover voltage 
temperature coefficient to as little as 0.05%/°C. Negative 
resistance types can show positive or negative breakover 
voltage coefficients depending on temperature and the 
sharpness of the negative switchback. 

The response of both positive and negative switching 
resistance units to fast transients involves a race between 
their Zener and regenerative attributes. At first the device 
conducts only in the small chip area where breakdown is 
occurring. Time is required for conduction to spread across 
the chip and to establish the currents and temperatures 
leading to complete turn-on. The net result is that both types 
exhibit increasing breakover voltage with fast transients. 
However, this effect is very small compared to gas discharge 
tubes, being less than 25% of the breakover voltage. 

Negative resistance types are more sensitive to unwanted 
turn-on by voltage rates (dv/dt) at peak voltages below the 
avalanche value. The transient current that flows to charge 
the self-capacitance of the device sets up an operating point 
on the negative resistance slope leading to turn-on. 
Reduction of dv/dt capability becomes significant when the 
signal voltage exceeds 80% of the avalanche value. 

Complete turn-off following a transient requires the load 
line to intersect the device leakage characteristic at a point 
below the avalanche knee. During turn-off the load line must 
not meet an intermediate conducting state which can occur 
with a negative resistance device. Positive resistance types 
are free of states causing turn-off "sticking." Both types have 
temperature sensitive holding currents that lie between 1 and 
4 mA/°C. 

Recent product developments and published studies have 
generated much interest. Based on a study sponsored by 
Bell South, 9 the authors concluded that these new devices 
offered the highest level of surge protection available. 

Key electrical parameters for the Thyristor TVS include 
operating voltage, clamping voltage, pulse current, on-state 
voltage, capacitance, and holding current. 



Operating voltage is defined as the maximum normal 
voltage which the device should experience. Operating 
voltages from 60 V to 200 V are available. 

Clamping voltage is the maximum voltage level attained 
before thyristor turn-on and subsequent transition to the 
on-state conduction mode. The transition stage to conduction 
may have any of the slopes shown in Figure 9. 

The important voltages which define the thyristor operating 
characteristics are also shown in Figure 9. Vq is operating 
voltage, Vc is the clamping voltage and Vj is on-state 
voltage. 

On-state voltage for most devices is approximately 3 V. 
Consequently, transient power dissipation is much lower for 
the thyristor TVS than for other TVS devices because of its 
low on-state voltage. For example, under power cross 
conditions Bell South Services reported their tests showed 
that the thyristor TVS devices handled short bursts of 
commercial power with far less heating than arc type surge 
arrestors.9 

Capacitance is also a key parameter since in many cases 
the TSS is a replacement for gas surge arrestors which have 
low capacitance. Values for the TSS range from 100 pF to 
200 pF at zero volts, but drop to about half of these values 
at a 50 Vdc bias. 

Holding current (In) is defined as the current required to 
maintain the on-state condition. Device thru-current must 
drop below \\-\ before it will restore to the non-conducting 
state. Turn-off time is usually not specified but it can be 
expected to be several milliseconds in a telecom application 
where the dc follow-on current is just slightly below the 
holding current. 

The major advantages and limitations of the thyristor are: 

Advantages: 

• Fast response 

• No wearout 

• Produces no noise 

• Short circuit failure mode 
Disadvantages: 

• Narrow voltage spectrum 

• Non-restoring in dc circuits unless current is below In 

• Turn-off delay time 

The thyristor TVS is finding wide acceptance in telecom 
applications because its characteristics uniquely match 
telecom requirements. It handles the difficult "power cross" 
requirements with less stress than other TVS devices while 
providing the total protection needed. 

SURGE PROTECTOR MODULES 
TYPES OF SURGE PROTECTOR MODULES 

Several component technologies have been implemented 
either singly or in combination in surge protector modules 
and devices. The simplest surge protectors contain nothing 
more than a single transient voltage suppression (TVS) 
component in a larger package. Others contain two or more 
in a series, parallel or series-parallel arrangement. Still others 
contain two or more varieties of TVS elements in 
combination, providing multiple levels of protection. 
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Many surge protectors contain non-semiconductor 
elements such as carbon blocks and varistors. If required, 
other modes of protection components may be incorporated, 
such as circuit breakers or EMI noise filters. 

Surge protector modules are one solution to the 
overvoltage problem. Alternatives include: 

• Uninterruptible power systems (UPS), whose main duty 
is to provide power during a blackout, but secondarily 
provide protection from surges, sags and spikes. 

• Power line conditioners, which are designed to isolate 
equipment from raw utility power and regulated voltages 
within narrow limits. 

Both UPS and power line conditioners are far more 
expensive than surge protector modules. 

THE 6 MAJOR CATEGORIES OF 
SURGE PROTECTION MODULES 

Plug-in 

Hardwired 

Utility 

Datacom 

Telecom 

RF and microwave 

PLUG-IN MODULES 

Plug-in modules come in a variety of sizes and shapes, 
and are intended for general purpose use. They permit the 
protection of vulnerable electronic equipment, such as home 
computers, from overvoltage transients on the 115 vac line. 
These products are sold in retail outlets, computer stores and 
via mail order. Most models incorporate a circuit breaker or 
fuse, and an on/off switch with a neon indicator. The module 
may have any number of receptacles, with common models 
having from two to six. These products comply with UL 1449, 
and are generally rated to withstand the application of 
multiple transients, as specified in IEEE 587. Plug-in modules 
generally provide their protection through the use of these 
devices which are typically connected between line and 
neutral, and between neutral and ground. 

HARDWIRED 

Hardwired modules take on a wide variety of styles, 
depending upon their designed application. They provide 
protection for instrumentation, computers, automatic test 
equipment, industrial controls, motor controls, and for certain 
telecom situations. 

Many of these modules provide snubbing networks 
employing resistors and capacitors to produce an RC time 
constant. Snubbers provide common mode and differential 
mode low-pass filtering to reduce interference from line to 
equipment, and are effective in reducing equipment 
generated noise from being propogated onto the line. 
Snubbers leak current however, and many of these modules 
are designed with heat sinks and require mounting to a 
chassis. The surge protection is performed in a similar 
manner to the plug-in modules mentioned earlier. Hardwired 



products, therefore, present a prime opportunity for 
avalanche TVS components. 

UTILITY 

The power transmission and distribution equipment 
industry has an obvious need for heavy duty protection 
against overvoltage transients. Many utility situations require 
a combination of techniques to provide the necessary 
solution to their particular problems. This industry utilizes 
many forms of transient suppression outside the realm of 
semiconductors. 

DATACOM 

Local area networks and other computer links require 
protection against high energy transients originating on their 
data lines. In addition, transients on adjacent power lines 
produce electromagnetic fields that can be coupled onto 
unprotected signal lines. Datacom protectors have a ground 
terminal or pigtail which must be tied to the local equipment 
ground with as short a lead as possible. Datacom protectors 
should be installed on both ends of a data link, or at all nodes 
in a network. This protection is in addition to the ac line 
transient protection, which is served by the plug-in or 
hardwired protection modules. Some datacom protector 
modules contain multi-stage hybrid circuits, specially tailored 
for specific applications, such as 4-20 mA analog current 
loops. 

TELECOM 

Included here are devices used to protect central office 
and station telecommunications (telecom) equipment against 
voltage surges. None of these devices are grounded through 
an ac power receptacle. Those that are grounded through 
an ac power receptacle are categorized as plug-in modules. 
Not only can overvoltages cause disruptions of telecom 
service, but they can destroy the sophisticated equipment 
connected to the network. Also, users or technicians working 
on the equipment can be injured should lightning strike 
nearby. It is estimated that 10 to 15 people are killed in the 
U.S. each year while talking on the telephone during lightning 
storms. For these reasons, surge protectors are used both 
in central offices and in customer premises. 

There are three types of telecom surge protectors now in 
service: air-gap carbon block, gas tube, and solid state. The 
desire of the telecom market is to convert as many of the 
non-solid state implementations into solid state as cost will 
permit. 

SELECTING TVS COMPONENTS 

From the foregoing discussion it should be clear that the 
silicon junction avalanche diode offers more desirable 
characteristics than any other TVS component. Its ability to 
clamp fast rising transients without overshoot, low clamping 
factor, non-latching behavior, and lack of a wearout 
mechanism are the overriding considerations. Its one-shot 
surge capability is lower than most other TVS devices but 
is normally adequate for the application. Should an unusually 
severe event occur, it will short yet still protect the equipment. 
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For example, an RS-232 data line is specified to operate 
with a maximum signal level of ± 25 V. Failure analysis 
studies 11 have shown that the transmitters and receivers 
used on RS-232 links tolerate 40 V transients. A 1 .5KE27CA 
diode will handle the maximum signal level while holding the 
peak transient voltage to less than 40 V with a 40 A 1 0/1 000 
pulse which is adequate for all indoor and most outdoor data 
line runs. As a practical matter, few data links use 25 V 
signals; 5 V is most common. Consequently, much lower 
voltage silicon diodes may be used which will allow a 
corresponding increase in surge current capability. For 
example, a 1 V breakdown device from the same 1 500 W 
family will clamp to under 15 V (typically 12 V) when 
subjected to a 1 00 A pulse. 

Telecommunications lines which must accommodate the 
ring voltage have much more severe requirements. For 
example, one specification 11 from Bellcore suggests that 
leakage current be under 20 mA over the temperature range 
from -40°C to +65°C with 265 V peak ac applied. To meet 
this specification using Zener TVS parts, devices must be 
stacked. Devices which breakdown at 1 60 V are chosen to 
accommodate tolerances and the temperature coefficient. A 
part number with a 10% tolerance on breakdown could 
supply a unit which breaks down at 144 V. At -40°C 
breakdown could be 1 33 V. The breakdown of two devices 
stacked just barely exceeds the worst case ring peak of 
265 V. A 1500 W unit has a surge capability of 6.5 A 
(10/1000) which is too low to be satisfactory while higher 
power units are too expensive as a rule. 

Another problem which telephone line service presents to 
a surge suppressor is survival during a power cross. An 
avalanche diode is impractical to use because the energy 
delivered by a power cross will produce diode failure before 
any overcurrent protective element can react. 

As indicated by the Bell South studies, the thyristor TVS 
is ideal for telephone line applications. Suppliers offer 
unidirectional and bidirectional units which meet the FCC 
impulse wave requirements as shown in Table 1 . In addition, 
the thyristor can handle several cycles of 50/60 Hz power 
before failure. The Motorola MKT1 V200 series, for example, 
can handle 10 A for 4 cycles, which is enough time for a 
low current fuse or other current activated protective device 
to react. 

APPLICATION CONSIDERATIONS 

In most cases, it is not advisable to place a zener TVS 
directly across a data line because of its relatively high 
capacitance. The arrangement previously discussed and 
shown in Figure 21 works well for an unbalanced line such 
as RS-232. When using discrete steering diodes, they should 
have low capacitance and low turn-on impedance to avoid 
causing an overshoot on the clamped voltage level. 

Most noise and transient surge voltages occur on lines with 
respect to ground. A signal line such as RS-232 which uses 
ground as a signal reference is thus very vulnerable to noise 
and transients. It is, however, easy to protect using a single 
TVS at each end of the line. 



Telephone and RS-422 lines are called balanced lines 
because the signal is placed between two lines which are 
"floating" with respect to ground. A signal appears between 
each signal line and ground but is rejected by the receiver; 
only the difference in potential between the two signal lines 
is recognized as the transmitted signal. This system has 
been in use for decades as a means of providing improved 
noise immunity, but protection from transient surge voltages 
is more complex. 

A cost-effective means of protecting a balanced line is 
shown in Figure 23. The bridge diode arrangement allows 
protection against both positive and negative transients to 
be achieved, an essential requirement but the TVS devices 
Zi and Z2 need only be unidirectional. The diodes are chosen 
to have low capacitance to reduce loading on the line and 
low turn-on impedance to avoid causing an overshoot on the 
clamped voltage level. Although a zener TVS is shown, a 
TSS is more appropriate when a telephone line having ring 
voltages is to be protected. 




Figure 23. A Method of Reducing Capacitance and 
Protecting a Balanced Line 



Since transients are usually common-mode, it is important 
that the TVS circuit operate in a balanced fashion; otherwise, 
common mode transients can cause differential mode 
disturbances which can be devastating to the line receiver. 
For example, suppose that an identical positive common 
mode surge voltage appears from each line-to-ground. 
Diodes D2 and D4 will conduct the transients to Z2. However, 
if one of these diodes has a slower turn-on or higher dynamic 
impedance than the other, the voltage difference caused by 
the differing diode response appears across the signal lines. 
Consequently, the bridge diodes must be chosen to be as 
nearly identical as possible. 

Should a differential mode transient appear on the signal 
lines, it will be held to twice that of the line-to-ground clamping 
level. In many cases a lower clamping level is needed which 
can be achieved by placing another TVS across the signal 
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lines. It must be a bidirectional low capacitance device. With 
a line-to-line TVS in the circuit diode matching is not required. 

Other schemes appearing in the literature use two 
bidirectional TVS devices from each line-to-ground as shown 
in Figure 24 that of the line-to-ground voltage. To avoid 
generating a differential mode signal, the TVS must be 
closely matched or a third TVS must be placed line-to-line. 
By using a third TVS differential mode transients can be held 
to a low level. 



TIP 



RING o 

Figure 24. Protecting a Balanced Line with 
Bidirectional TSS Devices 

The arrangement of Figure 25 offers the advantage of 
lower capacitance when differential mode transient protection 
is required. If all three TSS devices have the same 
capacitance (C), the line-to-line and line-to-ground 
capacitance of Figure 24 is 1 .5C. However, the arrangement 
of Figure 25 exhibits a capacitance of only C/2. To design 
the circuit to handle the same simultaneous common mode 
energy as the circuit of Figure 24, T3 must be twice as large 
as T-| and T2. In this case the capacitance of T3 is doubled 
which causes the line-to-ground capacitance to be 2C/3, still 
a considerable improvement over the arrangement of Figure 
24. 



TIP 




RING 

Figure 25. Preferred Method of Protecting a 
Balanced Line Using Bidirectional TSS Devices 

Protectors are usually designed to be "fail safe" if their 
energy ratings are exceeded, but the definition of "fail safe" 
is often dependent upon the application. The most common 
requirement is that the surge voltage protective element 
should fail short and remain shorted regardless of the 



resulting current flow. To insure that this occurs, 
semiconductor devices use heavy gauge clips or bonding 
wires between the chip and terminals. In addition, parts are 
available in plastic packages having a spring type shorting 
bar which shorts the terminals when the package softens at 
the very high temperatures generated during a severe 
overload. 

The shorted TVS protects the equipment, but the line 
feeding it could be destroyed if the source of energy which 
shorted the TVS is from a power cross. Therefore, it is wise 
and necessary for a UL listing to provide a series element 
such as a fuse or PTC device to either open the circuit or 
restrict its value to a safe level. 

The design of circuit boards is critical and layout must be 
done to minimize any lead or wiring inductance in series with 
the TVS. Significant voltage is developed in any loop subject 
to transients because of their high current amplitudes and 
fast risetimes. 
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CHAPTER 10 



IMPORTANT REGULATORY REQUIREMENTS 
AND GUIDELINES 

GENERAL 

DOD-STD-1399, MIL-STD-704, Ml L-STD-1 275, 
MIL-STD-461C. These military specifications are important, 
if we intend to target devices for military or commercial 
aviation markets. 

IEEE 587. This specification describes multiple transient 
waveforms. 

UL1449. This is a compulsory test which demonstrates 
performance to criteria establishing the maximum voltage 
that can pass through a device after clamping has taken 
place. It is important that we comply, and say so on our data 
sheets. 

INDUSTRIAL 

ANSI/IEEE C62.41. Established by the American National 
Standards Institute (ANSI) and the Institute of Electrical and 
Electronic Engineers (IEEE), this guideline tests the 
effectiveness of devices to typical power disturbances. To 
meet the most rigorous category of this spec, a device or 
module must be capable of withstanding a maximum 
repetitive surge current pulse of 3000 amps with a 8/20 |is 
waveform. 

IEC TC 102 D. Requirements for remote control receivers 
for industrial applications are detailed in this International 
Electrotechnical Commission (IEC) document. 

IEC 255-4 and IEC TC 41. These documents describe 
testing for static relays for industrial use. 

IEC 801-1 thru -3. These are specifications for various 
industrial control applications. 

IEC 801-4. The IEC specifies transient voltage impulses 
which occur from the switching of inductive loads. We must 
be aware of the importance of this specification, especially 
in Europe, and characterize our devices' performance to it. 

IEEE 472/ ANSI C 37.90.1. Requirements for protective 
relays, including 10/1000 nS waveform testing is described. 

UL943. This requirement defines a 0.5 jts/100 kHz 
waveform for ground fault and other switching applications. 



VDE 0420. Industrial remote control receivers are detailed, 
and test procedures defined. 

VDE 0860/Part 1/11. This includes a description of 
0.2/200 us, 10kV test requirements. 



TELECOM 

CCITT IX K.17, K.20, K.15. These documents relate to 
repeaters. 

EIA PM-1361. This document covers requirements for 
telephone terminals and data processing equipment. 

FTZ 4391 TV1. This is a general German specification for 
telecom equipment. 

FCC Part 68. The Federal Communications Commission 
(FCC) requirements for communications equipment is 
defined. Of special note is §68.302, dealing with telecom 
power lines. 

NT/DAS/PRL/003. Telephone instrument, subscriber 
equipment and line requirements are documented. 

PTT 692.01. This is a general Swiss specification for 
telecom exchange equipment. 

REA PE-60. The Rural Electrification Administration (REA) 
has documented the predominant waveform for induced 
lightning transients. This test is now commonly known as the 
10/1000 jis pulse test. 

REA PE-80. The REA defines requirements for gas tubes 
and similar devices for telecom applications. 

TA-TSY-000974. This technical advisory by Bellcore 
defines double exponential waveforms, which are the basis 
for many telecom applications norms. 

UL 1459 and UL 4978. These document detail tests for 
standard telephone equipment and data transmission. 

TA-TSY-000974. This technical advisory by Bellcore 
defines double exponential waveforms, which are the basis 
for many telecom applications norms. 

UL 1459 and UL 4978. These document detail tests for 
standard telephone equipment and data transmission. 
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AN784 — TRANSIENT POWER CAPABILITY 
OF ZENER DIODES 



Prepared by 

Applications Engineering and 

Jerry Wilhardt, Product Engineer — Industrial and Hi-Rel Zener Diodes 



INTRODUCTION 

Because of the sensitivity of semiconductor components 
to voltage transients in excess of their ratings, circuits are 
often designed to inhibit voltage surges in order to protect 
equipment from catastrophic failure. External voltage 
transients are imposed on power lines as a result of lightning 
strikes, motors, solenoids, relays or SCR switching circuits, 
which share the same ac source with other equipment. 
Internal transients can be generated within a piece of 
equipment by rectifier reverse recovery transients, switching 
of loads or transformer primaries, fuse blowing, solenoids, 
etc. The basic relation, v = L di/dt, describes most equipment 
developed transients. 

ZENER DIODE CHARACTERISTICS 

Zener diodes, being nearly ideal clippers (that is, they 
exhibit close to an infinite impedance below the clipping level 
and close to a short circuit above the clipping level), are often 
used to suppress transients. In this type of application, it is 
important to know the power capability of the zener for short 
pulse durations, since they are intolerant of excessive stress. 

Some Motorola data sheets such as the ones for devices 
shown in Table 1 contain short pulse surge capability. 
However, there are many data sheets that do not contain 
this data and Figure 1 is presented here to supplement this 
information. 



Table 1. Transient Suppressor Diodes 


Series 
Numbers 


Steady 
State Power 


Package 


Description 


1N4728 


1 W 


DO-41 


Double Slug Glass 


1N6267 


5W 


Case 41 A 


Axial Lead Plastic 


1N5333A 


5 W 


Case 17 


Surmetic 40 


1 N746/957 
A/4371 


400 mW 


DO-35 


Double Slug Glass 


1N5221A 


500 mW 


DO-35 


Double Slug Glass 



Some data sheets have surge information which differs 
slightly from the data shown in Figure 1 . A variety of reasons 
exist for this: 

1 . The surge data may be presented in terms of actual 
surge power instead of nominal power. 

2. Product improvements have occurred since the data 
sheet was published. 

REV 1 




PULSE WIDTH (ms) 



Power is defined as Vz(NOM) x 'Z(PK) where Vz(NOM) > s 'he nominal 
zener voltage measured at the low test current used for voltage 
classification. 

Figure 1. Peak Power Ratings of Zener Diodes 



3. Larger dice are used, or special tests are imposed on 
the product to guarantee higher ratings than those shown 
on Figure 1. 

4. The specifications may be based on a JEDEC 
registration or part number of another manufacturer. 

The data of Figure 1 applies for non-repetitive conditions 
and at a lead temperature of 25°C. If the duty cycle 
increases, the peak power must be reduced as indicated by 
the curves of Figure 2. Average power must be derated as 
the lead or ambient temperature rises above 25°C. The 
average power derating curve normally given on data sheets 
may be normalized and used for this purpose. 

At first glance the derating curves of Figure 2 appear to 
be in error as the 10 ms pulse has a higher derating factor 
than the 10 us pulse. However, when the derating factor for 
a given pulse of Figure 2 is multiplied by the peak power 
value of Figure 1 for the same pulse, the results follow the 
expected trend. 

When it is necessary to use a zener close to surge ratings, 
and a standard part having guaranteed surge limits is not 
suitable, a special part number may be created having a 
surge limit as part of the specification. Contact your nearest 
Motorola OEM sales office for capability, price, delivery, and 
minimum order criteria. 
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Figure 2. Typical Derating Factor for Duty Cycle 



MATHEMATICAL MODEL 

Since the power shown on the curves is not the actual 
transient power measured, but is the product of the peak 
current measured and the nominal zener voltage measured 
at the current used for voltage classification, the peak current 
can be calculated from: 



IZ(PK) ; 



P (PK) 



(1) 



VZ(NOM) 

The peak voltage at peak current can be calculated from: 

VZ(PK) = FC x V Z( MOM) (2) 

where Fq is the clamping factor. The clamping factor is 
approximately 1.20 for all zener diodes when operated at 
their pulse power limits. For example, a 5 watt, 20 volt zener 
can be expected to show a peak voltage of 24 volts 
regardless of whether it is handling 450 watts for 0.1 ms or 
50 watts for 10 ms. This occurs because the voltage is a 
function of junction temperature and IR drop. Heating of the 
junction is more severe at the longer pulse width, causing 
a higher voltage component due to temperature which is 
roughly offset by the smaller IR voltage component. 

For modeling purposes, an approximation of the zener 
resistance is needed. It is obtained from: 



RZ(NOM) ■■ 



VZ(NOM)(Fc-1) 
PPK(NOM)/VZ(NOM) 



(3) 



The value is approximate because both the clamping 
factor and the actual resistance are a function of 
temperature. 



CIRCUIT CONSIDERATIONS 

It is important that as much impedance as circuit 
constraints allow be placed in series with the zener diode 
and the components to be protected. The result will be a 
lower clipping voltage and less zener stress. A capacitor in 
parallel with the zener is also effective in reducing the stress 
imposed by very short duration transients. 

To illustrate use of the data, a common application will be 
analyzed. The transistor in Figure 3 drives a 50 mH solenoid 
which requires 5 amperes of current. Without some means 
of clamping the voltage from the inductor when the transistor 
turns off, it could be destroyed. 




26Vdc 



10 ms- 



Used to select a zener diode having the proper voltage and power 
capability to protect the transistor. 

Figure 3. Circuit Example 

The means most often used to solve the problem is to 
connect an ordinary rectifier diode across the coil; however, 
this technique may keep the current circulating through the 
coil for too long a time. Faster switching is achieved by 
allowing the voltage to rise to a level above the supply before 
being clamped. The voltage rating of the transistor is 60 V, 
indicating that approximately a 50 volt zener will be required. 

The peak current will equal the on-state transistor current 
(5 amperes) and will decay exponentially as determined by 
the coil L/R time constant (neglecting the zener impedance). 
A rectangular pulse of width L/R (0.01 sec) and amplitude 
of lp|< (5 A) contains the same energy and may be used to 
select a zener diode. The nominal zener power rating 
therefore must exceed (5 A x 50) = 250 watts at 10 ms and 
a duty cycle of 0.01/2 = 0.5%. From Figure 2, the duty cycle 
factor is 0.62 making the single pulse power rating required 
equal to 250/0.62 = 403 watts. From Figure 1 , one of the 
1N6267 series zeners has the required capability. The 
1N6287 is specified nominally at 47 volts and should prove 
satisfactory. 

Although this series has specified maximum voltage limits, 
equation 3 will be used to determine the maximum zener 
voltage in order to demonstrate its use. 



R Z = 



47(1.20-1) 
500/47 



9.4 
10.64 



0.9Q 



At 5 amperes, the peak voltage will be 4.5 volts above 
nominal or 51 .5 volts total which is safely below the 60 volt 
transistor rating. 
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INTRODUCTION 

One problem that most, if not all electronic equipment 
designers must deal with, is transient overvoltages. 
Transients in electrical circuits result from the sudden release 
of previously stored energy. Some transients may be 
voluntary and created in the circuit due to inductive switching, 
commutation voltage spikes, etc. and may be easily 
suppressed since their energy content is known and 
predictable. Other transients may be created outside the 
circuit and then coupled into it. These can be caused by 
lightning, substation problems, or other such phenomena. 
These transients, unlike switching transients, are beyond the 
control of the circuit designer and are more difficult to identify, 
measure and suppress. 

Effective transient suppression requires that the impulse 
energy is dissipated in the added suppressor at a low enough 
voltage so the capabilities of the circuit or device will not be 
exceeded. 

REOCCURRING TRANSIENTS 

Transients may be formed from energy stored in circuit 
inductance and capacitance when electrical conditions in the 
circuit are abruptly changed. 

Switching induced transients are a good example of this; 

the change in current l^\in an inductor (L) will generate 
\dt/ 



a voltage equal to L*j|. The energy (J) in the transient is 
equal to 1/2Li 2 and usually exists as a high power impulse 
for a relatively short time (J = Pt). 

If load 2 is shorted (Figure 1), devices parallel to it may 
be destroyed. When the fuse opens and interrupts the fault 
current, the slightly inductive power supply produces a 

transient voltage spike of V = L^j with an energy content 
of J = 1/2Li 2 . This transient might be beyond the voltage 
limitations of the rectifiers and/or load 1 . Switching out a high 
current load will have a similar effect. 

TRANSFORMER PRIMARY 
BEING ENERGIZED 

If a transformer is energized at the peak of the line voltage 
(Figure 2), this voltage step function can couple to the stray 
capacitance and inductance of the secondary winding and 
generate an oscillating transient voltage whose oscillations 
depend on circuit inductance and capacitance. This 
transient's peak voltage can be up to twice the peak 
amplitude of the normal secondary voltage. 

In addition to the above phenomena the capacitively 
coupled (Cs) voltage spike has no direct relationship with 
the turns ratio, so it is possible for the secondary circuit to 
see the peak applied primary voltage. 




REV 1 
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BE 30% LIGHTER 
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MAY HAVE STRAY 
INDUCTANCE OR 
CAPACITANCE 




Figure 2. Situation Where Transformer Capacitance Causes a Transient 



TRANSFORMER PRIMARY 
BEING DE-ENERGIZED 

If the transformer is driving a high impedance load, 
transients of more than ten times normal voltage can be 
created at the secondary when the primary circuit of the 
transformer is opened during zero-voltage crossing of the 
ac line. This is due to the interruption of the transformer 
magnetizing current which causes a rapid collapse of the 
magnetic flux in the core. This, in turn, causes a high voltage 
transient to be coupled into the transformer's secondary 
winding (Figure 3). 



Transients produced by interrupting transformers 
magnetizing current can be severe. These transients can 
destroy a rectifier diode or filter capacitor if a low impedance 
discharge path is not provided. 



SWITCH "ARCING" 

When a contact type switch opens and tries to interrupt 
current in an inductive circuit, the inductance tries to keep 
current flowing by charging stray capacitances. (See 
Figure 4.) 



— if- 




LOAD 




SECONDARY 
VOLTAGE 



Figure 3. Typical Situation Showing Possible Transient When Interrupting 
Transformer Magnetizing Current 
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Figure 4. Transients Caused by Switch Opening 
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This can also happen when the switch contacts bounce 
open after its initial closing. When the switch is opened (or 
bounces open momentarily) the current that the inductance 
wants to keep flowing will oscillate between the stray 
capacitance and the inductance. When the voltage due to 
the oscillation rises at the contacts, breakdown of the contact 
gap is possible, since the switch opens (or bounces open) 
relatively slowly compared to the oscillation frequency, and 
the distance may be small enough to permit "arcing." The 
arc will discontinue at the zero current point of the oscillation, 
but as the oscillatory voltage builds up again and the contacts 
move further apart, each arc will occur at a higher voltage 
until the contacts are far enough apart to interrupt the current. 

WAVESHAPES OF SURGE VOLTAGES 
Indoor Waveshapes 

Measurements in the field, laboratory, and theoretical 
calculations indicate that the majority of surge voltages in 
indoor low-voltage power systems have an oscillatory 
waveshape. This is because the voltage surge excites the 
natural resonant frequency of the indoor wiring system. In 
addition to being typically oscillatory, the surges can also 
have different amplitudes and waveshapes in the various 
places of the wiring system. The resonant frequency can 
range from about 5 kHz to over 500 kHz. A 100 kHz 
frequency is a realistic value for a typical surge voltage for 
most residential and light industrial ac wire systems. 

The waveshape shown in Figure 5 is known as an "0.5 us 
- 100 kHz ring wave." This waveshape is reasonably 
representative of indoor low-voltage (120 V - 240 V) wiring 
system transients based on measurements conducted by 
several independent organizations. The waveshape is 
defined as rising from 10% to 90% of its final amplitude in 
0.5 |is, then decays while oscillating at 100 kHz, each peak 
being 60% of the preceding one. 

The fast rise portion of the waveform can induce the effects 
associated with non-linear voltage distribution in windings 
or cause dv/dt problems in semiconductors. Shorter rise 
times can be found in transients but they are lengthened as 
they propagate into the wiring system or reflected from wiring 
discontinuities. 




Figure 5. 0.5 us 100 kHz Ring Wave 



The oscillating portion of the waveform produces voltage 
polarity reversal effects. Some semiconductors are sensitive 
to polarity changes or can be damaged when forced into or 
out of conduction (i.e. reverse recovery of rectifier devices). 
The sensitivity of some semiconductors to the timing and 
polarity of a surge is one of the reasons for selecting this 
oscillatory waveform to represent actual conditions. 

Outdoor Locations 

Both oscillating and unidirectional transients have been 
recorded in outdoor environments (service entrances and 
other places nearby). In these locations substantial energy 
is still available in the transient, so the waveform used to 
model transient conditions outside buildings must contain 
greater energy than one used to model indoor transient 
surges. 

Properly selected surge suppressors have a good 
reputation of successful performance when chosen in 
conjunction with the waveforms described in Figure 6. The 
recommended waveshape of 1.2 x 50 us (1.2 us is 
associated with the transients rise time and the 50 \is is the 
time it takes for the voltage to drop to 1/2Vp|<) for the open 
circuit voltage and 8 x 20 |is for the short circuit current are 
as defined in IEEE standard 28-ANSI Standard C62.1 and 
can be considered a realistic representation of an outdoor 
transients waveshape. 




(a) Open-Circuit Voltage Waveform (b) Discharge Current Waveform 

Figure 6. Unidirectional Wave Shapes 
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The type of device under test determines which 
waveshape in Figure 6 is more appropriate. The voltage 
waveform is normally used for insulation voltage withstand 
tests and the current waveform is usually used for discharge 
current tests. 



RANDOM TRANSIENTS 

The source powering the circuit or system is frequently 
the cause of transient induced problems or failures. These 
transients are difficult to deal with due to their nature; they 
are totally random and it is difficult to define their amplitude, 
duration and energy content. These transients are generally 
caused by switching parallel loads on the same branch of 



a power distribution system and can also be caused by 
lightning. 

AC POWER LINE TRANSIENTS 

Transients on the ac power line range from just above 
normal voltage to several kV. The rate of occurrence of 
transients varies widely from one branch of a power 
distribution system to the next, although low-level transients 
occur more often than high-level surges. 

Data from surge counters and other sources is the basis 
for the curves shown in Figure 7. This data was taken from 
unprotected (no voltage limiting devices) circuits meaning 
that the transient voltage is limited only by the sparkover 
distance of the wires in the distribution system. 




0.2 



0.1 



0.01 



0.1 1 10 100 

SURGES PER YEAR 
Figure 7. Peak Surge Voltage versus Surges per Year* 

•EIA paper, P587.1/F, May, 1979, Page 10 



1000 



Application Notes 
11-86 



Motorola TVS/Zener Device Data 



AN843 — A Review of Transients and Their Means of Suppression 



The low exposure portion of the set of curves is data 
collected from systems with little load-switching activity that 
are located in areas of light lightning activity. 

Medium exposure systems are in areas of frequent 
lightning activity with a severe switching transient problem. 

High exposure systems are rare systems supplied by long 
overhead lines which supply installations that have high 
sparkover clearances and may be subject to reflections at 
power line ends. 

When using Figure 7 it is helpful to remember that peak 
transient voltages will be limited to approximately 6 kV in 
indoor locations due to the spacing between conductors 
using standard wiring practices. 

TRANSIENT ENERGY LEVELS AND 
SOURCE IMPEDANCE 

The energy contained in a transient will be divided between 
the transient suppressor and the source impedance of the 
transient in a way that is determined by the two impedances. 
With a spark-gap type suppressor, the low impedance of the 
Arc after breakdown forces most of the transient's energy 
to be dissipated elsewhere, e.g. in a current limiting resistor 
in series with the spark-gap and/or in the transient's source 
impedance. Voltage clamping suppressors (e.g. zeners, 
mov's, rectifiers operating in the breakdown region) on the 
other hand absorb a large portion of the transient's surge 
energy. So it is necessary that a realistic assumption of the 
transient's source impedance be made in order to be able 
to select a device with an adequate surge capability. 

The 1 00 kHz "Ring Wave" shown in Figure 5 is intended 
to represent a transient's waveshape across an open circuit. 
The waveshape will change when a load is connected and 
the amount of change will depend on the transient's source 
impedance. The surge suppressor must be able to withstand 
the current passed through it from the surge source. An 
assumption of too high a surge impedance (when testing the 
suppressor) will not subject the device under test to sufficient 
stresses, while an assumption of too low a surge impedance 
may subject it to an unrealistically large stress; there is a 
trade-off between the size (cost) of the suppressor and the 
amount of protection obtained. 



In a building, the transient's source impedance increases 
with the distance from the electrical service entrance, but 
open circuit voltages do not change very much throughout 
the structure since the wiring does not provide much 
attenuation. There are three categories of service locations 
that can represent the majority of locations from the electrical 
service entrance to the most remote wall outlet. These are 
listed below. Table 1 is intended as an aid for the preliminary 
selection of surge suppression devices, since it is very 
difficult to select a specific value of source impedance. 

Category I: Outlets and circuits a "long distance" from 
electrical service entrance. Outlets more than 1 meters from 
Category II or more than 20 meters from Category III (wire 
gauge #14 -#10) 

Category II: Major bus lines and circuits a "short distance" 
from electrical service entrance. Bus system in industrial 
plants. Outlets for heavy duty appliances that are "close" to 
the service entrance. 

Distribution panel devices. 

Commercial building lighting systems. 

Category III. Electrical service entrance and outdoor 
locations. 

Power line between pole and electrical service entrance. 
Power line between distribution panel and meter. 
Power line connection to additional near-by buildings. 
Underground power lines leading to pumps, filters, etc. 

Categories I and II in Table 1 correspond to the extreme 
range of the "medium exposure" curve in Figure 7. The surge 
voltage is limited to approximately 6 kV due to the sparkover 
spacing of indoor wiring. 

The discharge currents of Category II were obtained from 
simulated lightning tests and field experience with 
suppressor performance. 

The surge currents in Category I are less than in Category 
II because of the increase in surge impedance due to the 
fact that Category I is further away from the service entrance. 

Category III can be compared to the "High Exposure" 
situation in Figure 7. The limiting effect of sparkover is not 
available here so the transient voltage can be quite large. 



Table 1. Surge Voltages and Currents Deemed to Represent the 
Indoor Environment Depending Upon Location 










Energy (Joules) Dissipated in a 
Suppressor with a Clamping Voltage of (3) 


Category 


Waveform 


Surge VoltageO) 


Surge Currentt 2 ) 


250 V 


500 V 


1000 V 


I 


0.5 us 100 kHz 
Ring Wave 


6kV 


200 A 


0.4 


0.8 


1.6 


II 


0.5 us 100 kHz 
Ring Wave 


6kV 


500 A 


1 


2 


4 




1 .2 x 50 us 
8x20 (is 


6kV 


3kA 


20 


40 


80 


III 


1 .2 x 50 jis 
8 x 20 us 


1 kV or more 


10 kA or more 









Notes: 1. Open Circuit voltage 

2. Discharge current of the surge (not the short circuit current of the power system) 

3. The energy a suppressor will dissipate varies in proportion with the suppressor's clamping voltage, which 
discharge current). 



can be different with different system voltages (assuming the same 
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LIGHTNING TRANSIENTS 

There are several mechanisms in which lightning can 
produce surge voltages on power distribution lines. One of 
them is a direct lightning strike to a primary (before the 
substation) circuit. When this high current, that is injected 
into the power line, flows through ground resistance and the 
surge impedance of the conductors, very large transient 
voltages will be produced. If the lightning misses the primary 
power line but hits a nearby object the lightning discharge 
may also induce large voltage transients on the line. When 
a primary circuit surge arrester operates and limits the 
primary voltage the rapid dv/dt produced will effectively 
couple transients to the secondary circuit through the 
capacitance of the transformer (substation) windings in 
addition to those coupled into the secondary circuit by normal 
transformer action. If lightning struck the secondary circuit 
directly, very high currents may be involved which would 
exceed the capability of conventional surge suppressors. 
Lightning ground current flow resulting from nearby direct 
to ground discharges can couple onto the common ground 
impedance paths of the grounding networks also causing 
transients. 



AUTOMOTIVE TRANSIENTS 

Transients in the automotive environment can range from 
the noise generated by the ignition system and the various 
accessories (radio, power window, etc.) to the potentially 
destructive high energy transients caused by the charging 



(alternator/regulator) system. The automotive "Load Dump" 
can cause the most destructive transients; it is when the 
battery becomes disconnected from the charging system 
during high charging rates. This is not unlikely when one 
considers bad battery connections due to corrosion or other 
wiring problems. Other problems can exist such as steady 
state overvoltages caused by regulator failure or 24 V battery 
jump starts. There is even the possibility of incorrect battery 
connection (reverse polarity). 

Capacitive and/or inductive coupling in wire harnesses as 
well as conductive coupling (common ground) can transmit 
these transients to the inputs and outputs of automotive 
electronics. 

The Society of Automotive Engineers (SAE) documented 
a table describing automotive transients (see Table 2) which 
is useful when trying to provide transient protection. 

Considerable variation has been observed while gathering 
data on automobile transients. All automobiles have their 
electrical systems set up differently and it is not the intent 
of this paper to suggest a protection level that is required. 
There will always be a trade-off between cost of the 
suppressor and the level of protection obtained. The concept 
of one master suppressor placed on the main power lines 
is the most cost-effective scheme possible since individual 
suppressors at the various electronic devices will each have 
to suppress the largest transient that is likely to appear (Load 
Dump), hence each individual suppressor would have to be 
the same size as the one master suppressor since it is 
unlikely for several suppressors to share the transient 
discharge. 




Table 2. Typical Transients Encountered in the Automotive Environment 


Length of 
Transient 


Cause 


Energy Capability 


Possible Frequency 
of Application 


Voltage Amplitude 


Steady State 


Failed Voltage Regulator 


oo 


Infrequent 


+18V 


5 Minutes 


Booster starts with 24 V battery 


oo 


Infrequent 


±24 V 


4.5-100 ms 


Load Dump — i.e., disconnection of battery during 
high charging rates 


> 10 J 


Infrequent 


<125V 


< 0.32 s 


Inductive Load Switching Transient 


<1J 


Often 


-300 V to +80 V 


<0.2s 


Alternator Field Decay 


<1J 


Each Turn-Off 


-100Vto-40 V 


90 ms 


Ignition Pulse 
Disconnected Battery 


< 0.5 J 


< 500 Hz 
Several Times in 
vehicle life 


<75V 


1 ms 


Mutual Coupling in Harness 


<1J 


Often 


<200 V 


15 us 


Ignition Pulse Normal 


< 0.001 J 


3 500 Hz 
Continuous 


3V 




Accessory Noise 


< 1.5 V 


50 Hz to 10 kHz 




Transceiver Feedback 


= 20 mV 


R.F. 
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There will, of course, be instances where a need for 
individual suppressors at the individual accessories will be 
required, depending on the particular wiring system or 
situation. 

TRANSIENT SUPPRESSOR TYPES 
Carbon Block Spark Gap 

This is the oldest and most commonly used transient 
suppressor in power distribution and telecommunication 
systems. The device consists of two carbon block electrodes 
separated by an air gap, usually 3 to 4 mils apart. One 
electrode is connected to the system ground and the other 
to the signal cable conductor. When a transient over-voltage 
appears, its energy is dissipated in the arc that forms 
between the two electrodes, a resistor in series with the gap, 
and also in the transient's source impedance, which depends 
on conductor length, material and other parameters. 

The carbon block gap is a fairly inexpensive suppressor 
but it has some serious problems. One is that it has a 
relatively short service life and the other is that there are 
large variations in its arcing voltage. This is the major 
problem since a nominal 3 mil gap will arc anywhere from 
300 to 1 000 volts. This arcing voltage variation limits its use 
mainly to primary transient suppression with more accurate 
suppressors to keep transient voltages below an acceptable 
level. 

Gas Tubes 

The gas tube is another common transient suppressor, 
especially in telecommunication systems. It is made of two 
metallic conductors usually separated by 10 to 15 mils 
encapsulated in a glass envelope which is filled with several 
gases at low pressure. Gas tubes have a higher current 
carrying capability and longer life than carbon block gaps. 
The possibility of seal leakage and the resultant of loss 
protection has limited the use of these devices. 

Selenium Rectifiers 

Selenium transient suppressors are selenium rectifiers 
used in the reverse breakdown mode to clamp voltage 
transients. Some of these devices have self-healing 
properties which allows the device to survive energy 
discharges greater than their maximum capability for a 
limited number of surges. Selenium rectifiers do not have 
the voltage clamping capability of zener diodes. This is 
causing their usage to become more and more limited. 

METAL OXIDE VARISTORS (MOV'S) 

An MOV is a non-linear resistor which is voltage 
dependent and has electrical characteristics similar to 
back-to-back zener diodes. As its name implies it is made 
up of metal oxides, mostly zinc oxide with other oxides added 
to control electrical characteristics. MOV characteristics are 
compared to back-to-back zeners in Photos 2 through 7. 

When constructing MOV's the metal oxides are sintered 
at high temperatures to produce a polycrystalline structure 



of conductive zinc oxide separated by highly resistive 
intergranular boundaries. These boundaries are the source 
of the MOV's non-linear electrical behavior. 

MOV electrical characteristics are mainly controlled by the 
physical dimensions of the polycrystalline structure since 
conduction occurs between the zinc oxide grains and the 
intergranular boundaries which are distributed throughout the 
bulk of the device. 

The MOV polycrystalline body is usually formed into the 
shape of a disc. The energy rating is determined by the 
device's volume, voltage rating by its thickness, and current 
handling capability by its area. Since the energy dissipated 
in the device is spread throughout its entire metal oxide 
volume, MOV's are well suited for single shot high power 
transient suppression applications where good clamping 
capability is not required. 

The major disadvantages with using MOV's are that they 
can only dissipate relatively small amounts of average power 
and are not suitable for many repetitive applications. Another 
drawback with MOV's is that their voltage clamping capability 
is not as good as zeners, and is insufficient in many 
applications. 

Perhaps the major difficulty with MOV's is that they have 
a limited life time even when used below their maximum 
ratings. For example, a particular MOV with a peak current 
handling capability of 1000 A has a lifetime of about 1 surge 
at 1 000 A p k, 1 00 surges at 1 00 A p k and approximately 1 000 
surges at 65 A p |<. 

TRANSIENT SUPPRESSION 
USING ZENERS 

Zener diodes exhibit a very high impedance below the 
zener voltage (Vz), and a very low impedance above Vz. 
Because of these excellent clipping characteristics, the zener 
diode is often used to suppress transients. Zeners are 
intolerant of excessive stress so it is important to know the 
power handling capability for short pulse durations. 

Most zeners handle less than their rated power during 
normal applications and are designed to operate most 
effectively at this low level. Zener transient suppressors such 
as the Motorola 1 N6267 Mosorb series are designed to take 
large, short duration power pulses. 

This is accomplished by enlarging the chip and the 
effective junction area to withstand the high energy surges. 
The package size is usually kept as small as possible to 
provide space efficiency in the circuit layout, and since the 
package does not differ greatly from other standard zener 
packages, the steady state power dissipation does not differ 
greatly. 

Some data sheets contain information on short pulse surge 
capability. When this information is not available for Motorola 
devices, Figure 8 can be used. This data applies for 
non-repetitive conditions with a lead temperature of 25°C. 

It is necessary to determine the pulse width and peak 
power of the transient being suppressed when using Figure 
8. This can be done by taking whatever waveform the 
transient is and approximating it with a rectangular pulse with 
the same peak power. For example, an exponential 
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discharge with a 1 ms time constant can be approximated 
by a rectangular pulse 1 ms wide that has the same peak 
power as the transient. This would be a better approximation 
than a rectangular pulse 10 ms wide with a correspondingly 
lower amplitude. This is because the heating effects of 
different pulse width lengths affect the power handling 
capability, as can be seen by Figure 8. This also represents 
a conservative approach because the exponential discharge 
will contain = 1/2 the energy of a rectangular pulse with the 
same pulse width and amplitude. 




0.01 0.02 



0.05 0.1 0.2 0.5 1 
PULSE WIDTH (ms) 



Figure 8. Peak Power Ratings of Zener Diodes 

When used in repetitive applications, the peak power must 
be reduced as indicated by the curves of Figure 9. Average 
power must be derated as the lead or ambient temperature 
exceeds 25°C. The power derating curve normally given on 
data sheets can be normalized and used for this purpose. 
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Figure 9. Typical Derating Factor for Duty Cycle 

The peak zener voltage during the peak current of the 
transient being suppressed can be related to the nominal 
zener voltage (Eqtn 1) by the clamping factor (Fc). 



Eqtn 2: Rz(nom) : 



Eqtn 1: Vz(pK) - Fc (Vz(nom)) 

Unless otherwise specified Fc is approximately 1.20 for 
zener diodes when operated at their pulse power limits. 

For example, a 5 watt, 20 volt zener can be expected to 
show a peak voltage of 24 volts regardless of whether it is 
handling 450 watts for 0.1 ms or 50 watts for 10 ms. (See 
Figure 8.) 

This occurs because the zener voltage is a function of both 
junction temperature and IR drop. Longer pulse widths cause 
a greater junction temperature rise than short ones; the 
increase in junction temperature slightly increases the zener 
voltage. This increase in zener voltage due to heating is 
roughly offset by the fact that longer pulse widths of identical 
energy content have lower peak currents. This results in a 
lower IR drop (zener voltage drop) keeping the clamping 
factor relatively constant with various pulse widths of 
identical energy content. 

An approximation of zener impedance is also helpful in 
the design of transient protection circuits. The value of 
R Z(nom) (Eqtn 2) is approximate because both the clamping 
factor and the actual resistance is a function of temperature. 

V 2 Z(nom) (Fc-D 
p pK(nom) 

v Z(nom) = Nominal Zener Voltage 
PpK(nom) = Found from Figure 8 when device type and pulse 
width are known. For example, from Figure 8 a 1 N6267 zener 
suppressor has a PpK(nom) of 1 - 5 kw at a P uls e width of 1 ms. 
As seen from equation 2, zeners with a larger PpK(nom) 
capability will have a lower R z(nom)- 



ZENER versus MOV TRADEOFFS 

The clamping characteristics of Zeners and MOV's are 
best compared by measuring their voltages under transient 
conditions. Photos 1 through 9 are the result of an 
experiment that was done to compare the clamping 
characteristics of a Zener (Motorola 1 N6281 , approximately 
1.5J capability) with those of an MOV (G.E. V27ZA4, 4J 
capability); both are 27 V devices. 

Photo 1 shows the pulse generator output voltage. This 
generator synthesizes a transient pulse that is characteristic 
of those that may appear in the real world. 

Photos 2 and 3 are clamping voltages of the MOV and 
Zener, respectively with a surge source impedance of 500 U. 

Photos 4 and 5 are the clamping voltages with a surge 
source impedance of 50 n. 

Photos 6 and 7 simulate a condition where the surge 
source impedance is 5 £2. 

Photos 8 and 9 show a surge source impedance of 0.55 Q, 
which is at the limits of the Zener suppressor's capability. 
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PHOTO 3 

Zener (27 V) 
Vert: 10 V/div 
Horiz: 0.5 ms/div 

Transient Source Impedance: 500 £2 
V p eak = 27V 



PHOTO 4 

MOV (27 V) 
Vert: 10 V/div 
Horiz: 0.5 ms/div 

Transient Source Impedance: 50 n 
Vpeak = 44.7 V 




PHOTO 5 

Zener (27 V) 
Vert: 10 V/div 
Horiz: 0.5 ms/div 

Transient Source Impedance: 50 Q 
Vpeak = 27V 
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n 




PHOTO 9 

Zener (27 V) 
Vert: 10 V/div 
Horiz: 0.5 ms/div 

Transient Source Impedance: 0.55 CI 
Vpeak: 30.2 V 

Peak Power: Approx 2000 W pea k 
(The limit of this device's capability) 



As can be seen by the photographs, the Zener suppressor 
has significantly better voltage clamping characteristics than 
the MOV even though that particular Zener has less than 
one-fourth the energy capability of the MOV it was compared 
with. However, the energy rating can be misleading because 
it is based on the clamp voltage times the surge current, and 
when using an MOV, the high impedance results in a fairly 
high clamp voltage. The major tradeoff with using a zener 
type suppressor is its cost versus power handling capability, 
but since it would take an "oversized" MOV to clamp voltages 
(suppress transients) as well as the zener, the MOV begins 
to lose its cost advantage. 

If a transient should come along that exceeds the 
capabilities of the particular Zener, or MOV, suppressor that 
was chosen, the load will still be protected, since they both 
fail short. 

The theoretical reaction time for Zeners is in the 
picosecond range, but this is slowed down somewhat with 
lead and package inductance. The 1N6267 Mosorb series 
of transient suppressors have a typical response time of less 
than one nanosecond. For very fast rising transients it is 
important to minimize external inductances (due to wiring, 
etc.) which will minimize overshoot. 

Connecting Zeners in a back-to-back arrangement will 
enable bidirectional voltage clamping characteristics. (See 
Figure 10.) 

If Zeners A and B are the same voltage, a transient of 
either polarity will be clamped at approximately that voltage 
since one Zener will be in reverse bias mode while the other 
will be in the forward bias mode. When clamping low voltage 
it may be necessary to consider the forward drop of the 
forward biased Zener. 

The typical protection circuit is shown in Figure 11a. In 
almost every application, the transient suppression device 
is placed in parallel with the load, or component to be 
protected. Since the main purpose of the circuit is to clamp 
the voltage appearing across the load, the suppressor should 



be placed as close to the load as possible to minimize 
overshoot due to wiring (or any inductive) effect. (See Figure 
11b.) 



OR 



Figure 10. Zener Arrangement for 
Bidirectional Clamping 




Figure 11a. Using Zener to Protect Load 
Against Transients 




PEAK VOLTAGE 
DUE TO OVERSHOOT 





Figure 11b. Overshoot Due to Inductive Effect 
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Zener capacitance prior to breakdown is quite small (for 
example, the 1N6281 27 Volt Mosorb has a typical 
capacitance of 800 pF). Capacitance this small is desirable 
in the off-state since it will not attenuate wide-band signals. 

When the Zener is in the breakdown mode of operation 
(e.g. when suppressing a transient) its effective capacitance 
increases drastically from what it was in the off-state. This 
makes the Zener ideal for parallel protection schemes since, 
during transient suppression, its large effective capacitance 
will tend to hold the voltage across the protected element 
constant; while in the off-state (normal conditions, no 
transient present), its low off-state capacitance will not 
attenuate high frequency signals. 

Input impedance (Zj n ) always exists due to wiring and 
transient source impedance, but Zj n should be increased as 
much as possible with an external resistor, if circuit 
constraints allow. This will minimize Zener stress. 

CONCLUSION 

The reliable use of semiconductor devices requires that 
the circuit designer consider the possibility of transient 
overvoltages destroying these transient-sensitive 
components. 



These transients may be generated by normal circuit 
operations such as inductive switching circuits, energizing 
and deenergizing transformer primaries, etc. They do not 
present much of a problem since their energy content, 
duration and effect may easily be obtained and dealt with. 

Random transients found on power lines, or lightning 
transients, present a greater threat to electronic components 
since there is no way to be sure when or how severe they 
will be. General guidelines were discussed to aid the circuit 
designer in deciding what size (capability and cost) 
suppressor to choose for a certain level of protection. There 
will always be a tradeoff between suppressor price and 
protection obtained. 

Several different suppression devices were discussed with 
emphasis on Zeners and MOV's, since these are the most 
popular devices to use in most applications. 
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INTRODUCTION 

This application note defines Motorola 
temperature-compensated zener (reference) diodes, 
explains the device characteristics, describes electrical 
testing, and discusses the advanced concepts of device 
reliability and quality assurance. It is a valuable aid to those 
who contemplate designing circuits requiring the use of these 
devices. 

Zener diodes fall into three general classifications: 
Regulator diodes, reference diodes and transient voltage 
suppressors. Regulator diodes are normally employed in 
power supplies where a nearly constant dc output voltage 
is required despite relatively large changes in input voltage 
or load resistance. Such devices are available with a wide 
range of voltage and power ratings, making them suitable 
for a wide variety of electronic equipments. 

Regulator diodes, however, have one limitation: They are 
temperature-sensitive. Therefore, in applications in which the 
output voltage must remain within narrow limits during 
input-voltage, load-current, and temperature changes, a 
temperature-compensated regulator diode, called a 
reference diode, is required. 

The reference diode is made possible by taking advantage 
of the differing thermal characteristics of forward- and 
reverse-biased silicon p-n junctions. A forward-biased 
junction has a negative temperature coefficient of 
approximately 2 mV/°C, while reverse-biased junctions have 
positive temperature coefficients ranging from about 2 mV/°C 
at 5.5 V to 6 mV/°C at 10 V. Therefore it is possible, by 
judicious combination of forward- and reverse-biased 
junctions, to fabricate a device with a very low overall 
temperature coefficient (Figure 1). 

The principle of temperature compensation is further 
illustrated in Figure 2, which shows the voltage-current 
characteristics at two temperature points (25 and 100°C) for 
both a forward- and a reverse-biased junction. The diagram 
shows that, at the specified test current (\ZT), the absolute 
value of voltage change (AV) for the temperature change 
between 25 and 100°C is the same for both junctions. 
Therefore, the total voltage across the combination of these 
two junctions is also the same at these temperature points, 
since one AV is negative and the other is positive. However, 
the rate of voltage change with temperature over the 
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Figure 1. Temperature Compensation 
of a 6.2 Volt Reference Diode (1N821 Series) 



temperature range defined by these points is not necessarily 
the same for both junctions, thus the temperature 
compensation may not be linear over the entire range. 

Figure 2 also indicates that the voltage changes of the 
two junctions are equal and opposite only at the specified 
test current. For any other value of current, the temperature 
compensation may not be complete. 
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DIRECTION OF CURRENT FLOW 




FORWARD-BIASED REVERSE-BIASED 
P-N JUNCTION ZENER JUNCTION 



Figure 2. Temperature Compensation of 
P-N Junctions 

IMPORTANT ELECTRICAL CHARACTERISTICS 
OF REFERENCE DIODES 

The three most important characteristics of reference 
diodes are preference voltage, 2) voltage-temperature 
stability, and 3) voltage-time stability. 

1. Reference Voltage. This characteristic is defined as 
the voltage drop measured across the diode when the 
specified test current passes through it in the zener direction. 
It is also called the zener voltage (Vz, Figure 3). On the data 
sheets, the reference voltage is given as a nominal voltage 
for each family of reference diodes. 

The nominal voltages are normally specified to a tolerance 
of ±5%, but devices with tighter tolerances, such as ±2% 
and ±1%, are available on special order. 

2. Voltage-Temperature Stability. The temperature 
stability of zener voltage is sometimes expressed by means 



of the temperature coefficient. This parameter is usually 
defined as the percent voltage change across the device per 
degree centigrade. This method of indicating voltage stability 
accurately reflects the voltage deviation at the test 
temperature extremes but not necessarily at other points 
within the specified temperature range. This fact is due to 
variations in the rate of voltage change with temperature for 
the forward- and reverse-biased dice of the reference diode. 
Therefore, the temperature coefficient is given in Motorola 
data sheets only as a quick reference, for designers who 
are accustomed to this method of specification. 

A more meaningful way of defining temperature stability 
is the "box method." This method, used by Motorola, 
guarantees that the zener voltage will not vary by more than 
a specified amount over a specified temperature range at 
the indicated test current, as verified by tests at several 
temperatures within this range. 

Some devices are accurately compensated over a wide 
temperature range (-55°C to 100°C), others over a narrower 
range (0 to 75°C). The wide-range devices are, as a rule, 
more expensive. Therefore, it would be economically 
wasteful for the designer to specify devices with a 
temperature range much wider than actually required for the 
specific device application. 

During actual production of reference diodes, it is difficult 
to predict the compensation accuracy. In the interest of 
maximum economy, it is common practice to test all devices 
coming off the production line, and to divide the production 
lot into groups, each with a specified maximum AVz. Each 
group, then, is given a different device type number. 

On the data sheet, the voltage-temperature characteristics 
of the most widely used device types are illustrated in a graph 
similar to the one shown in Figure 4. The particular 
production line represented in this figure produces 6.2 volt 
devices, but the line yields five different device type numbers 
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Figure 3. Typical Voltage — Current Characteristic of Reference Diodes 
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(1N821 through 1N829), each with a different temperature 
coefficient. The 1 N829, for example, has a maximum voltage 
change of less than 5 mV over a temperature range of -55 
to +100°C, while the 1N821 may have a voltage change of 
up to 96 mV over the same temperature range. 




In the past, design data and characteristic curves on data sheets for 
reference diodes have been somewhat limited: The devices have 
been characterized principally at the recommended operating point. 
Motorola has introduced a data sheet, providing device data pre- 
viously not available, and showing limit curves that permit worst- 
case circuit design without the need for associated tests required in 
conjunction with the conventional data sheets. 

Figure 4. Temperature Dependence 
of Zener Voltage (1N821 Series) 

Graphs such as these permit the selection of the 
lowest-cost device that meets a particular requirement. They 
also permit the designer to determine the maximum voltage 
change of a particular reference diode for a relatively small 
change in temperature. This is done by drawing vertical lines 
from the desired temperature points at the abscissa of the 
graph to intersect with each the positive- and negative-going 
curves of the particular device of interest. Horizontal lines 
are then drawn from these intersects to the ordinate of the 
graph. The difference between the intersections of these 
horizontal lines with the ordinate yields the maximum voltage 
change over the temperature increment. For example, for 
the 1 N821 , a change in ambient temperature from to 50°C 
results in a voltage change of no more than about ±31 mV. 

The reason that the device reference voltage may change 
in either the negative or positive direction is that after 
assembly, some of the devices within a lot may be 
overcompensated while others may be undercompensated. 
In any design, the "worst-case" condition must be 
considered. Therefore, in the above example, it can be 
assumed that the maximum voltage change will not exceed 
31 mV. 



It should be understood, however, that the above 
calculations give the maximum possible voltage change for 
the device type, and by no means the actual voltage change 
for the individual unit. 

3. Voltage-Time Stability. The voltage-time stability of a 
reference diode is defined by the voltage change during 
operating time at the standard test current (I2T) ar, d tes * 
temperature (Ta). In general, the voltage stability of a 
reference diode is better than 100 ppm per 1000 hours of 
operation. 




-75 -50 -25 25 50 

AV Z , MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to Ijr = 7.5 mA) 

Figure 5. Current Dependence of Zener Voltage 
at Various Temperatures 
(1N821 Series) 

THE EFFECT OF CURRENT VARIATION ON 
ZENER VOLTAGE 

The nominal zener voltage of a reference diode is specified 
at a particular value of current, called the zener test current 
OZT)- All measurements of voltage change with temperature 
are referenced to this test current. If the operating current 
is varied, all these specifications will change. 

The effect of current variation on zener voltage, at various 
temperatures, is graphically illustrated on the 1N821 data 
sheet as "Zener Current versus Maximum Voltage Change." 
A typical example of such a graph is shown for the 1N821 
series in Figure 5. The voltage change shown is due entirely 
to the impedance of the device at the fixed temperature. It 
does not reflect the change in reference voltage due to the 
change in temperature since each curve is referenced to \zj 
= 7.5 mA at the indicated temperature. As shown, the 
greatest voltage change occurs at the highest temperature 
represented in the diagram. (See "Dynamic Impedance" 
under the next section). 

Figure 5 shows that, at 25°C, a change in zener current 
from 4 to 1 mA causes a voltage shift of about 90 mV. 
Comparing this value with the voltage-change example in 
Figure 4 (31 mV), it is apparent that, in general, a greater 
voltage variation may be due to current fluctuations than to 
temperature change. Therefore, good current regulation of 
the source should be a major consideration when using 
reference diodes in critical applications. 



Application Notes 
11-98 



Motorola TVS/Zener Device Data 



Design Considerations and Performance of Zener Voltage Reference Diodes 



It is not essential, however, that a reference diode be 
operated at the specified test current. The new 
voltage-temperature characteristics for a change in current 
can be obtained by superimposing the data of Figure 5 on 
that of Figure 4. A new set of characteristics, at a test current 
of 4 mA, is shown for the 1 N823 in Figure 6, together with 
the original characteristics at 7.5 mA. 
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Figure 6. Voltage Change with Temperature 
for 1N823 at Two Different Current Levels 



From these characteristics, it is evident that the voltage 
change with temperature for the new curves is different from 
that for the original ones. It is also apparent that if the test 
current varies between 7.5 and 4 mA, the voltage changes 
would lie along the dashed lines belonging to the given 
temperature points. This clearly shows the need for a 
well-regulated current source. 

It should be noted, however, that even when a 
well-regulated current supply is available, other factors might 
influence the current flowing through a reference diode. For 
example, to minimize the effects of temperature-sensitive 
passive elements in the load circuit on current regulation, 
it is desirable that the load in parallel with the reference diode 
have an impedance much higher than the dynamic 
impedance of the reference diode. 

OTHER CHARACTERISTICS 

In addition to the three major characteristics discussed 
earlier, the following parameters and ratings of reference 
diodes may be considered in some applications. 

Power Dissipation 

The maximum dc power dissipation indicates the power 
level which, if exceeded, may result in the destruction of the 
device. Normally a device will be operated near the specified 
test current for which the data-sheet specifications are 
applicable. This test current is usually much below the 
current level associated with the maximum power 
dissipation. 



Dynamic Impedance 

Zener impedance may be construed as composed of a 
current-dependent resistance shunted by a 
voltage-dependent capacitance. Figure 7 indicates the 
typical variations of dynamic zener impedance (Zz) with 
current and temperature for the 1N821 reference diode 
series. These diagrams are given in the 1N821 data sheet. 
As shown, the zener impedance decreases with current but 
increases with ambient temperature. 
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Figure 7. Variation of Zener Impedance 
With Current and Temperature (1N821 Series) 

The impedance of a reference diode is normally specified 
at the test current (Izt)- It is determined by measuring the 
ac voltage drop across the device when a 60 Hz ac current 
with an rms value equal to 10% of the dc zener current is 
superimposed on the zener current (Izt)- Figure 8 shows the 
block diagram of a circuit used for testing zener impedance. 

ELECTRICAL TESTING 

All devices are tested electrically as a last step in the 
manufacturing process. 

The subsequent final test procedures represent an 
automated and accurate method of electrically classifying 
reference diodes. First, an electrical test is performed on all 
devices to insure the correct voltage-breakdown and stability 
characteristics. Next, the breakdown voltage and dynamic 
impedance are measured. Finally, the devices are placed 
in an automatic data acquisition system that automatically 
cycles them through the complete temperature range 
specified. The actual voltage measurements at the various 
temperature points are retained in the system computer 
memory until completion of the full temperature excursion. 
The computer then calculates the changes in voltage for 
each device at each test temperature and classifies all units 
on test into the proper category. The system provides a 
printed readout for every device, including the voltage 
changes to five digits during temperature cycling, and the 
corresponding EIA type number, as well as the data referring 
to test conditions such as device position, lot number, and 
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Figure 8. Block Diagram of Test Circuit for Measuring Dynamic Zener Impedance 



DEVICE RELIABILITY AND 
QUALITY ASSURANCE 

Insuring a very low failure rate requires maximum 
performance in all areas effecting device reliability: Device 
design, manufacturing processes, quality control, and 
reliability testing. Motorola's basic reliability concept is based 
on the belief that reference diode reliability is a complex yet 
controllable function of all these variables. 

Under this "total reliability" concept, Motorola can 
mass-produce high-reliability reference diodes. 

The reliability of a reference diode fundamentally depends 
upon the device design, regardless of the degree of effort 
put into device screening and circuit designing. Therefore, 
reliability measures must be incorporated at the device 
design and process development stages to establish a firm 
foundation for a comprehensive reliability program. The 
design is then evaluated by thorough reliability testing, and 
the results are supplied to the Design Engineering 
department. This closed-loop feedback procedure provides 
valuable information necessary to improve important design 
features such as electrical instability due to surface effects, 
mechanical strength, and uniformly low thermal resistance 
between the die and ambient environment. 

Process Control 

There are more than 2000 variables that must be kept 
under control to fabricate a reliable reference diode. The 



in-process quality control group controls most of these 
variables. It places a strict controls on all aspects of 
manufacturing from materials procurement to the finished 
product. Included in this broad spectrum of controls are: 

• Materials Control. All materials purchased or fabricated 
in-plant are checked against rigid specifications. A quality 
check on vendors' products is kept up to date to insure that 
only materials of a proven quality level will be purchased. 

• In-Process Inspection and Control. Numerous on-line 
inspection stations maintain a statistical process control 
program on specific manufacturing processes. If any of these 
processes are found to be out of control, the discrepant 
material is diverted from the normal production flow and the 
cognizant design engineer notified. Corrective action is 
initiated to remedy the cause of the discrepancy. 

Reliability Testing 

The Reliability Engineering group evaluates all new 
products and gives final conclusions and recommendations 
to the device design engineer. The Reliability Engineering 
group also performs independent testing of all products and 
includes, as part of this testing program, 
step-stress-to-failure testing to determine the maximum 
capabilities of the product. 
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SOME STRAIGHT TALK ABOUT MOSORBS 
TRANSIENT VOLTAGE SUPPRESSORS 



INTRODUCTION 

Distinction is sometimes made between devices 
trademarked Mosorb (by Motorola Inc.), and standard 
zener/avalanche diodes used for reference, low-level 
regulation and low-level protection purposes. It must be 
emphasized from the beginning that Mosorb devices are, in 
fact, zener diodes. The basic semiconductor technology and 
processing are identical. The primary difference is in the 
applications for which they are designed. Mosorb devices 
are intended specifically for transient protection purposes 
and are designed, therefore, with a large effective junction 
area that provides high pulse power capability while 
minimizing the total silicon use. Thus, Mosorb pulse power 
ratings begin at 500 watts — well in excess of low power 
conventional zener diodes which in many cases do not even 
include pulse power ratings among their specifications. 

MOVs, like Mosorbs, do have the pulse power capabilities 
for transient suppression. They are metal oxide varistors (not 
semiconductors) that exhibit bidirectional avalanche 
characteristics, similar to those of back-to-back connected 
zeners. The main attributes of such devices are low 
manufacturing cost, the ability to absorb high energy surges 
(up to 600 joules) and symmetrical bidirectional "breakdown" 
characteristics. Major disadvantages are: high clamping 
factor, an internal wear-out mechanism and an absence of 
low-end voltage capability. These limitations restrict the use 
of MOVs primarily to the protection of insensitive electronic 
components against high energy transients in application 
above 20 volts, whereas, Mosorbs are best suited for precise 
protection of sensitive equipment even in the low voltage 
range — the same range covered by conventional zener 
diodes. The relative features of the two device types are 
covered in Table 1 . 



IMPORTANT SPECIFICATIONS FOR 
MOSORB PROTECTIVE DEVICES 

Typically, a Mosorb suppressor is used in parallel with the 
components or circuits being protected (Figure 1), in order 
to shunt the destructive energy spike, or surge, around the 
more sensitive components. It does this by avalanching at 
its "breakdown" level, ideally representing an infinite 
impedance at voltages below its rated breakdown voltage, 
and essentially zero impedance at voltages above this level. 

In the more practical case, there are three voltage 
specifications of significance, as shown in Figure 1a. 

a) VRvvM istnemaximumreverses,anc| - clf,volta 9 eatwnicn 
the Mosorb is cut off and its impedance is at its highest 
value — that is, the current through the device is 
essentially the leakage current of a back-biased diode. 

b) V(BR) is the breakdown voltage — a voltage at which the 
device is entering the avalanche region, as indicated by 
a slight (specified) rise in current beyond the leakage 
current. 

c ) Vrsm is tne maximum reverse voltage (clamping 
voltage) which is defined and specified in conjunction 
with the maximum reverse surge current so as not to 
exceed the maximum peak power rating at a pulse width 
(tp) of 1 ms (industry std time for measuring surge 
capability). 



RELATIVE FEATURES OF MOVs and MOSORBS 



Table 1. 


MOV 


Mosorb/Zener Transient Suppressor 


• High clamping factor. 

• Symmetrically bidirectional. 

• Energy capability per dollar usually higher than a silicon device. 
However, if good clamping is required the energy capability would 
have to be grossly overspecified resulting in higher cost. 

• Inherent wear out mechanism clamp voltage degrades after every 
pulse, even when pulsed below rated value. 

• Ideally suited for crude ac line protection. 

• High single-pulse current capability. 

• Degrades with overstress. 

• Good high voltage capability. 

• Limited low voltage capability. 


• Very good clamping close to the operating voltage. 

• Standard parts perform like standard zeners. Symmetrical bidirec- 
tional devices available for many voltages. 

• Good clamping characteristic could reduce overall system cost. 

• No inherent wear out mechanism. 

• Ideally suited for precise DC protection. 

• Medium multiple-pulse current capability. 

• Fails short with overstress. 

• Limited high voltage capability unless series devices are used. 

• Good low voltage capability. 
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In practice, the Mosorb is selected so that its Vrwm is 
equal to or somewhat higher than the highest operating 
voltage required by the load (the circuits or components to 
be protected). Under normal conditions, the Mosorb is 
inoperative and dissipates very little power. When a transient 
occurs, the Mosorb converts to a very low dynamic 
impedance and the voltage across the Mosorb becomes the 
clamping voltage at some level above V(BR). The actual 
clamping level will depend on the surge current through the 
Mosorb. The maximum reverse surge current (Irsm) is 
specified on the Mosorb data sheets at 1 ms and for a 
logrithmically decaying pulse waveform. The data sheet also 
contains curves to determine the maximum surge current 
rating at other time intervals. 

Typically, Mosorb devices have a built-in safety margin at 
the maximum rated surge current because the clamp 
voltage, Vrsm, is itself, guardbanded. Thus, the parts will 
be operating below their maximum pulse-power (P p |<) rating 
even when operated at maximum reverse surge current). 

If the transients are random in nature (and in many cases 
they are), determining the surge-current level can be a 
problem. The circuit designer must make a reasonable 
estimate of the proper device to be used, based on his 
knowledge of the system and the possible transients to be 
encountered, (e.g., transient voltage, source impedance and 
time, or transient energy and time are some characteristics 
that must be estimated). Because of the very low dynamic 
impedance of Mosorb devices in the region between V(BR) 
and Vrsm. the maximum surge current is dependent on, and 
limited by the external circuitry. 

In cases where this surge current is relatively low, a 
conventional zener diode could be used in place of a Mosorb 
or other dedicated protective device with some possible 
savings in cost. The surge capabilities most of Motorola's 
zener diode lines are discussed in Motorola's Application 
Note AN784. 



In the data sheets of some protective devices, the 
parameter for response time is emphasized. Response time 
on these data sheets is defined as the time required for the 
voltage across the protective device to rise from to V(BR), 
and relates primarily to the effective series impedance 
associated with the device. This effective impedance is 
somewhat complex and changes drastically from the 
blocking mode to the avalanche mode. In most applications 
(where the protective device shunts the load) this response 
time parameter becomes virtually meaningless as indicated 
by the waveforms in Figures 1 b and 1 c. If the response time 
as defined is very long, it still would not affect the 
performance of the surge suppressor. 

However, if the series inductance becomes appreciable, 
it could result in "overshoot" as shown in Figure 1 d that would 
be detrimental to circuit protection. In Mosorb devices, series 
inductance is negligible compared to the inductive effects 
of the external circuitry (primarily lead lengths). Hence, 
Mosorbs contribute little or nothing to overshoot and, in 
essence, the parameter of response time has very little 
significance. However, care must be exercised in the design 
of the external circuitry to minimize overshoot. 

SUMMARY 

In selecting a protective device, it is important to know as 
much as possible about the transient conditions to be 
encountered. The most important device parameters are 
reverse working voltage (Vrwm). surge current (Irsm). ancl 
clamp voltage (Vrsm). the product of Vrsm and I rsm yields 
the peak power dissipation, which is one of the prime 
categories for device selection. 

The selector guide, in this book, gives a broad overview 
of the Mosorb transient suppressors now available from 
Motorola. For more detailed information, please contact your 
Motorola sales representative or distributor. 
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Figure 1. 
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TYPICAL MOSORB APPLICATIONS 
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Al Pshaenich 

Motorola Power Products Division 



The use of overvoltage transient suppressors for 
protecting electronic equipment is prudent and economically 
justified. For relatively low cost, expensive circuits can be 
safely protected by one or even several of the transient 
suppressors on the market today. Dictated by the type and 
energy of the transient, these suppressors can take on 
several forms. 

For example, in the telecommunication field, where 
lightning induced transients are a problem, such primary 
suppressors as gas tubes are often used followed by 
secondary, lower energy suppressors. In an industrial or 
automotive environment, where transients are systematically 
generated by inductive switching, the transient energy is 
more well-defined and thus adequately suppressed by 
relatively low energy suppressors. These lower energy 
suppressors can be zener diodes, rectifiers with defined 
reverse voltage ratings, metal oxide varistors (MOVs), 
thyristors, and trigger devices, among others. Each device 
has its own niche: some offer better clamping factors than 
others, some have tighter voltage tolerances, some are 
higher voltage devices, others can sustain more energy and 
still others, like the thyristor family, have low on-voltages. 
The designer's problem is selecting the best device for the 
application. 

Thus, the intent of this article is twofold: 

1. To describe the operation of the surge current test 
circuits used in characterizing lower energy transient 
suppressors. 

2. To define the attributes of the various suppressors, 
allowing the circuit designer to make the 
cost/performance tradeoffs. 

Surge suppressors are generally specified with 
exponentially decaying and/or rectangular current pulses. 
The exponential surge more nearly simulates actual surge 
current conditions — capacitor discharges, line and switching 
transients, lightning induced transients, etc., whereas 
rectangular surge currents are usually easier to implement 
and control. 

To generate an exponential rating, a charged capacitor is 
simply dumped into the device under test (DUT) and the 
energy of each successive pulse increased until the device 
ultimately fails. The simplified circuit of Figure 1a describes 
the circuit. By varying the size of the capacitor C, the limiting 
resistor R2, and the voltage to which C is charged to, various 
peak currents and pulse widths (defined to the 10% 
discharge point in this paper) can be obtained. To automate 
this circuit, the series switches S1 and S2 can be replaced 
with appropriately controlled transistors or SCRs. 
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Figure 1a. Simplified Exponential Tester 
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Figure 1 b. Simplified Rectangular Tester 
Using PNP Switch 

Figure 1. Basic Surge Current Testers 



One method of easily implementing a rectangular surge 
current pulse is shown in the simplified schematic of Figure 
1b. A PNP transistor switch connected to the positive supply 
V EE applies power to the DUT. The current is obviously set 
by varying either Vrf e and/or R|_. If however, the transistor 
switch were replaced with a variable, constant current 
source, measurement procedures are simplified as how the 
limiting resistor need not be selected for various current 
conditions. 

As in most surge current evaluations, the DUT is ultimately 
subjected to destructive energy (current, voltage, pulse 
width), the failure points noted, and the derated points plotted 
to produce the energy limitation curve. Of particular interest 
is the junction temperature at which the DUTs are operated, 
be it near failure or at the specified derated point. This 
measurement relates to the overall reliability of the 
suppressor, i.e., can the suppressor sustain one surge 
current pulse or a thousand, and will it be degraded when 
operated above the specified maximum operating 
temperature? 

The Rectangular Current Surge Suppressor Test Circuit 
to be described addresses these questions by implementing 
and measuring the rectangular current capability of the 
suppressor and determining the device junction temperature 
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Tj shortly after the end of the surge current pulse. Knowing 
Tj, the energy to the DUT can be limited just short of failure 
and thus a complete surge curve generated with only one, 
or a few DUTs (Figure 6). Second, with the junction 
temperature known, a reliability factor can be determined for 
a practical application. 

CIRCUIT OPERATION FOR THE 
RECTANGULAR CURRENT TESTER 

The Surge Suppressor Test Circuit block diagram is shown 
in Figure 2 with the main blocks being the Constant Current 
Amplifier supplying lz to the DUT (a zener diode in this 
instance) during the power pulse and the Diode Forward 
Current Switch supplying lp during the temperature sensing 
time. These two pulses are applied sequentially, first the 
much larger lz, and then the very small sense current If. 
During the lp time, the forward voltage Vp of the diode is 
measured from which the junction temperature of the zener 
diode can be determined. This is simply done by calibrating 
the forward biased DUT with a specified low value of If in 
a temperature chamber, one point at 25°C and a second 
point at some elevated temperature. The result is the familiar 
diode forward voltage versus temperature linear plot with a 
slope of about -2 mV/°C for typical diodes (Figure 7a). 
Comparing the plot with the test circuit measured Vp yields 
the DUT junction temperature for that particular pulse width 
and lz (Figure 7b). 




OV F 



Figure 2. Surge Suppressor Test 
Circuit Block Diagram 

The System Clock, Pulse Generator, the several 
monostable multivibrators (25 us Blanking, Sample Pulse 
and 300 us Sense MVs) and Gate are fashioned from three 
CMOS gate ICs. The remaining blocks are the Sample and 



Hold (S/H) circuit and two detectors for determining the 
status of failed DUTs, either shorted devices or open. 

Shown in Figures 3 and 4 respectively, are the complete 
circuit and significant waveforms. Clocking for the system 
is derived from a CMOS, two inverters, astable MV (gates 
1A and 1B) whose output triggers the two input NOR gate 
configured monostable MV (gates 1C and 1D) to produce 
the Pulse Generator output pulse (Figure 4b). Alternatively, 
a single pulse can be obtained by setting switch S2 to the 
One Shot position and depressing the pushbutton Start 
switch S1 . Contact bounce is suppressed by the 1 00 ms MV 
(gates 4C and D). Frequency of the astable MV, set by 
potentiometer R1 , can vary from about 200 Hz to 0.9 Hz and 
the pulse width, controlled by R2 and the capacitor timing 
selector switch S3, from about 300 us to 1.3 s. 

The positive going Pulse Generator output feeds the 
Constant Current Amplifier lz and turns on, in order, NPN 
transistor Q1, PNP transistor Q3, NPN Darlington Q4, PNP 
Power Darlington Q6 and parallel connected PNP Power 
Transistors Q8 and Q9. Transistor Q4 is configured as a 
constant current source whose current is set by the variable 
base voltage potentiometer R3. Thus, the voltage to the 
bases of Q6, Q8 and Q9 are also accordingly varied. 
Transistors Q8 and Q9 (MJ14003, lc continuous of 60 A), 
also connected as constant current sources with their 0.1 
O emitter ballasting resistors, consequently can produce a 
rectangular current pulse from a minimum of about 0.5 A 
and still have adequate gain for 1 ms pulses of 150A peak. 
Due to propagation delays of this amplifier, the lz current 
waveform is as shown in Figure 4f. Since Q8 and Q9 must 
be in the linear region for constant current operation, these 
transistors are power dissipation limited at high currents to 
the externally connected power supply V+ of 60 V. Thus the 
maximum DUT voltage, taking into account the clamping 
factor of the device, should be limited to about 50 V. At wider 
pulse widths and consequently lower currents before the 
DUT fails, the V+ supply should be proportionally reduced 
to minimize Q8, Q9 dissipation. As an example, a 28 V surge 
suppressor operating at 100 ms pulse widths can be tested 
to destructive limits with V+ of about 40 V. Although a zener 
diode is shown as the DUT in the schematic, the test devices 
can be any rectifier with defined reverse voltage, e.g., surge 
suppressors. 

Immediately after the power pulse is applied to the DUT, 
the negative going sense pulse from the 300 us MV (Gate 
2A, Figure 4e) turns on series connected PNP transistor Q1 
and NPN transistor Q1 1 of the Diode Forward Current Switch 
lp Sense current, set by current limiting resistor selector 
switch S4, thus flows up from ground through the forward 
biased DUT, the limiting resistor, and Q11 to the -15 V supply. 
The result, by monitoring the cathode of the DUT, is a 300 
lis wide, approximately -0.6 V pulse. 
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For accurate measurements of this pulse amplitude, 
sample and hold circuitry is employed. This consists of unity 
gain buffer amp U6, series FET switch Q13 and capacitor 
hold buffer amp U7. The sample pulse (Figure 4H) to the 
gate of the FET is delayed about 100 us (by monostable 
MV G-2C and G-2D) to allow for switching and thermal 
transients to settle down. This pulse is derived from the 
negative going, trailing edge output pulse of Gate 2D cutting 
off transistor Q1 8 for the RC time constant in its base circuit. 
The result is an approximate 8 us wide sample pulse. 
Consequently, the DC output voltage from hold amplifier U7 
is a measure of the DUT junction temperature. 

Invariably, most DUTs will fail short. When the surge 
suppressor tester is in the Free-run Mode, the power pulse 
subsequent to the DUT shorting could excessively stress the 
constant current drivers Q8 and Q9. To prevent this 
occurrence, the Short Detector circuit was implemented. This 
circuit consists of comparator U5A, 2 input NOR gate 
configured 25 monostable MV (G1E and G1F), Gate 
Circuit G3A, 3B and 3C, and SCR Q16. The 25 us MV 



(Figure 4D) is required to blank out turn-on switching 
transients to produce the waveform shown in Figure 41. 
During the power pulse, USA is normally high for a good DUT 
(Figure 4J). This waveform is NOR'd with gate 3B (inverted 
waveform of Figure 41) to produce a low level (0 V) gate 3C 
output (Figure 4K). 

If, however, the DUT is shorted, U5A output switches low 
resulting in a positive pulse output from G3C. This pulse 
triggers the SCR on, lighting the LED in its anode circuit and 
turning on the PNP transistor Q2 across the emitter-base 
of Q3, thus clamping off the lz power pulse. The circuit (Q1 6) 
can be reset by opening switch S5. 

By and large, this Short Detector circuit was found 
adequate to protect transistors Q8 and Q9. However, for 
some wide pulse widths, relatively high current conditions, 
the propagation delay through the Short Detector was too 
great, resulting in excessive FBSOA (Forward Bias Safe 
Operating Area) stress on Q8 and Q9. Consequently, a faster 
Short Detector #2 was implemented. 



(4A) 
(4B) 
(4C) 
(4D) 

(4E) 
(4F) 

(4G) 



CLOCK 
G1B 

PULSE GEN 
G10 

PULSE GEN ' 
G1C 

25nSMV 
G1E 

300 nS 
SENSE MV 
G2A 



_n 



■J 



100 |iS SAMPLE 
DELAY MV G2D 



8mS 

< 4H ' SAMPLE PULSE Q8 



(41) 



GATE 
G3C 



(4J) 



(4K) 



(4L) 



(4M) 



SHORT 

COMPARATOR U6A . 

SHORT SCR 
TRIGGER G3C . 

U6 . 

OPEN SCR 
TRIGGER U5B. 



, +15V 
-14 V 



GOOD 



_SHORJ_ 

n SHORT 
!' GOOD 



-0.6 V 



GOOD 



„v-i-2eet- 

OPEJi 
["GOOD 



1_ 

r 



_IL 



- r 



Figure 4. Surge Suppressor Test Circuit Waveforms 
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This circuit, connected to the collectors of Q8 and Q9, uses 
a differentiating network (R4, C1) to discriminate between 
the normally relatively slow fall time of the voltage pulse on 
the DUT, and the exceedingly fast fall time when the device 
fails. Thus, the R4-C1 time constant (5 ns) will only generate 
a negative going trigger to PNP transistor Q12 when the DUT 
voltage collapses during device failure. The positive going 
output from Q1 2 resets the flip-flop (gates 4A and 4B), which 
turns on the NPN transistor Q14. This transistor supplies 
drive to the two PNP clamp transistors (Q5 and Q7) placed 
respectively across the emitter-bases of the high, constant 
current stages Q6 and Q8 and Q9. Propagation delay is thus 
minimized, providing greater protection to the power stages 
of the tester. As an added safety feature, the positive going 
output from Gate 3C when Short Detector #1 is activated 
is also used to trigger the flip-flop. 

On the few occasions when the DUT fails open, then the 
Open Detector consisting of comparator U5B and SCR Q17 
comes into play. This circuit measures the DUT integrity 
during the sense time. For a good DUT (Vf < -1 V), U5B 
output remains low (see Figures 4L and 4M). However for 
an open DUT, Vp switches to the negative rail and U5B goes 
high, turning on Q17. As in the Short Detector, Q2 clamps 
off the lz power amplifier. 

All of the circuitry including the +15 V and -15 V regulated 
power supplies are self-contained, with the exception of the 
V+ supply. For high current, narrow pulse width testing, this 
external supply should have 10 to 15 A capability. If not, 
additional energy storing capacitors across the supply output 
may be required. 

CIRCUIT OPERATION FOR THE 
EXPONENTIAL SURGE CURRENT TESTER 

To generate the surge current curve of peak current versus 
exponential discharge pulse width, the test circuit of Figure 
5 was designed. This tester is an implementation of the 
simplified capacitor discharge circuit shown in Figure 1A, 
with the PNP high voltage transistor Q2 allowing the 
capacitor C to charge through limiting resistor R1 and a 
triggered SCR discharging the capacitor. As shown in Figure 
5, the DUTs can be of any technology, although the device 
connected to the capacitor and discharge limiting resistor 
RS is shown as an MOS SCR. It could just as well have been 
an SCR as the DUT or as the switch for the zener diode, 
rectifier, SIDAC, etc., DUTs. 

System timing for this Exponential Surge Current Tester 
is derived from a CMOS quad 2 input NOR gate with gates 
1A and 1B comprising a non-symmetrical astable MV of 
about 13 seconds on and about one second off (switch S3 
open). The positive On pulse from gate 1 B turns on the 500 
V power MOSFET Q1 and the following PNP transistor Q2. 
The extremely high current gain FET allows for the large 
base current variation of Q2 with varying supply voltage (V+). 
This capacitor charging circuit has a 400 V blocking 
capability (limited by the VceO ° f 02) and thus the capacitor 



C1 used should be comparably rated. When operating with 
high voltage (V+ = 200 to 350 V) and large capacitors (>3000 
u.F), the power dissipated in the current limiting resistor R1 
can be substantial, thus necessitating the illustrated 20 W 
rating. For longer charging times, switch S3 is closed, 
doubling the timing capacitor and the astable MV on time. 

To discharge capacitor C1 and thereby generate the 
exponential surge current, the SCR must be fired. This 
trigger is generated by the positive going one second pulse 
from gate 1A being integrated by the R2C2 network, and 
then shaped by gates 1C and 1D. The net result of about 
1 00 us time delay from gate 1 D ensures noncoincident timing 
conditions. This pulse output is then differentiated by C3-R3 
with the positive going leading edge turning on Q3, Q4 and 
finally the SCR with about a 4 ms wide, 15 mA gate pulse. 
Consequently, the DUT is subjected to a surge current pulse 
whose magnitude is dictated by the voltage on the capacitor 
C1 and value of resistor Rs, and also whose pulse width 
to the 1 0% point is 2.3 RsC1 . For a fixed pulse width, the 
DUT is then stressed with increasing charge (by increasing 
V+) until failure occurs, usually a shorted device. 

If the DUT is the SCR (or MOS SCR), the failed condition 
is obvious as the capacitor C1 will not be allowed to charge 
for subsequent timing cycles. However, when the DUT is the 
zener, rectifier, SIDAC or even an MOV, and the SCR is an 
adequately rated switch, the circuit will still discharge through 
the shorted DUT, but now the SCR alone will be stressed 
by the surge current. A shorted DUT can be detected by 
noting the voltage across the device during testing. 

One problem encountered when stressing SCRs with high 
voltage is when the DUT fails short. The limiting resistor R1, 
which is only rated for 20 W, would now experience 
continuous power dissipation for the full On time — as much 
as 123 W ([350 V] 2 /1 K). To prevent this occurrence, the Pri 
Short Protection Circuit is incorporated. Since this is only 
a problem when high V+'s (>100 V) are used, the circuit can 
be switched in or out by means of switch S2. When activated, 
this circuit monitors the voltage on capacitor C1 some time 
after the charging cycle begins. If the capacitor is charging, 
normal operation occurs. However, if the SCR DUT is 
shorted, the absence of voltage on the capacitor is detected 
and the system is disabled. 

The circuit consists of one CMOS IC with NAND gates 
2A and 2B comprising a one second monostable time delay 
MV and gates 2C and 2D forming a comparator and NAND 
gate, respectively. 

The negative going, trailing edge of gate 2A is 
differentiated by R4-C4, and amplified by Q5 to form a 
positive, 10 ms wide pulse (delayed by 1 sec) to gate 2D 
input. If the capacitor C1 is shorted, gate 2C output is high, 
allowing the now negative pulse from gate 2D to turn on PNP 
transistor Q6 and SCR Q7. This latches the input to the 
astable MV gate 1A low, disabling the timing and 
consequently removing the power from R1. Resetting the 
tester for a new device is accomplished by depressing the 
pushbutton switch S1 . 
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Figure 5. Exponential Surge Current Tester 



Exponential surge current curves, as well as rectangular, 
are generated by destructive testing of at least several DUTs 
at various pulse widths and derating the final curve by 
perhaps 20-30%. These tests were conducted at low duty 
cycles (<2%). To ensure multicycle operation, the DUTs are 
then tested for about 1 000 surges at a derated point on the 
curve. 



voltages generally greater than 30 V. Also, since energy 
capability is related to die size, this parameter is also listed. 

For several devices, both rectangular and exponential 
surge current pulses are listed. Other devices were tested 
with only rectangular pulses (where the junction temperature 
can be determined) and still others, whose applications 
include crowbars, with exponential current only. 




TEST RESULTS 

In trying to make a comparison of the several different 
technologies of transient suppressors, some common 
denominator has to be chosen, otherwise, the amount of 
testing and data reduction becomes unwieldy. For this 
exercise, voltage was used, generally in the 20 V to 30 V 
range, although some of the more unique suppressors 
(SIDACs, MOS SCRs, SCRs) were tested at their operating 
voltage. As an example, the SIDAC trigger families of 
devices were tested with voltages greater than their 
breakover voltage (104 V to 280 V) and the SCRs were 
subjected to exponential surge currents derived from 



AVALANCHE RECTIFIER 

The Rectangular Surge Current Tester was originally 
designed for characterizing rectifier surge suppressors used 
in automotive applications. For this operation, where 
temperatures under the hood can reach well over 125°C, 
it is important to know the device junction temperature at 
elevated ambient temperature. Figures 6 and 7 describe the 
results of such testing on a typical suppressor, the 24 V-32 V 
MR2520L. It should be noted that these axial lead 
suppressors, as well as all other axial lead devices tested, 
were mounted between two spring loaded clips spaced 1 
inch i 
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As shown in Figure 6 of the actual current failure points 
of the DUTs, at least four devices were tested at the various 
pulse widths, t w (in this example from 0.5 ms to 100 ms). 

Also shown in Figure 6 is the curve derived with a single 
DUT at an energy level just short of failure. This 
measurement was obtained by maintaining a constant 
rectifier forward voltage drop, Vp (0.25 V) for all pulse widths 
Gunction temperature, Tj of 230°C) by varying the avalanche 
current. Thus, one device can be used, non-destructively, 
to generate the complete rectangular surge current curve. 

It should also be pointed out that the definition for the 
exponential t w in this article is the current discharge point 
to the 10% value of the peak test current Izm- Expressed 
in time constant t, this would be 2.3 RC. Some data sheets 
describe t w to the 50% point of Izm (0.69 t) and others to 
5 x. To normalized these time scales (abscissa of curves) 
simply change the scales accordingly; i.e., Izm/2 P ulse widths 
would be multiplied by 2.3/0.69 = 3.33 for t w at 10% current 
pulses. 

Figure 7a describes the actual temperature calibration 
curve (measured in a temperature chamber) of the MR2520L 
and Figure 7b, the junction temperature of the DUT at various 
10 ms rectangular pulse current amplitudes. These 
temperatures are taken from the calibration curve (in 
actuality, an extremely linear curve), knowing the rectifier 
forward voltage drop immediately (within 100 jis) after 
cessation of power. Note that the junction temperature just 
prior to device failure is about 290°C. 
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Figure 6. Experimental Rectangular Surge 
Current Capability Of The MR2520L Rectifier 
Surge Suppressor 



ZENER OVERVOLTAGE TRANSIENT 
SUPPRESSOR 

Illustrated in Figure 8 are the actual rectangular and 
exponential surge current curves of the P6KE30 overvoltage 
transient suppressor, an axial lead, Case 17, 30 V zener 
diode characterized and specified for surge currents. This 
device is specified for 600 W peak for a 1 ms exponential 
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Figure 7a. Temperature Calibration Curve 
Of The MR2520L 
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Forward Voltage 
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Figure 7. Calculated Junction Temperature 
Of The MR2520L Surge Suppressor 
At Various Avalanche Currents 



pulse measured at Izm/2- From the exponential curve, it is 
apparent that the device is very conservatively specified. 
Also, the relative magnitudes of the two curves reflect the 
differences in the rms values of the two respective pulses. 

SIDAC 

SIDACs are increasingly being used as overvoltage 
transient suppressors, particularly in telephone applications. 
Being a high voltage bilateral trigger device with relatively 
high current capabilities, they serve as a costeffective 
overvoltage protection device. As in other trigger devices, 
when the SIDACs breakover voltage is exceeded, the device 
switches to a low voltage conduction state, allowing an 
inordinate amount of surge current to be passed. This is well 
illustrated by the surge current curves of Figure 9 which 
describe the small die size ([37] 2 mil) axial lead, Case 59-04, 
MKP9V240 SIDAC. The curves show that this 240 V device 
was able to handle, to failure, as much as 31 A and 15 A, 
respectively, for 1 ms exponential and rectangular current 
pulses. Under the same pulse conditions, the large die 
([78] 2 mil) MK1V270 SIDAC handled 170 A and 60 A, 
respectively, as shown in Table 2. 



Motorola TVS/Zener Device Data 



Articles 
11-111 



CHAPTER 12 




5 10 50 100 

tW, PULSE WIDTH (ms) 

Figure 8. Surge Current Capability Of The P6KE30 
Overvoltage Transient Suppressor As A Function Of 
Exponential & Rectangular Pulse Widths 
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Figure 9. Measured Surge Current To Failure 
Of A SIDAC MKP9V240 



OVERALL RATINGS 

The compilation of all of the testing to date on the various 
transient suppressors is shown in Tables 1 and 2. Table 1 
describes the zener suppressors, avalanche rectifiers and 
MOVs, comparing the die size and normalized costs 
(referenced to the MOV V39MA2A). From this data, the 
designer can make a cost/performance judgment. 

Of interest is that the small pellet MOV is not the least 
expensive device. The P6KE30 overvoltage transient 
suppressor costs about 85% of the MOV, yet it can handle 
about three times the current (2.5 A to 0.7 A) for a 100 ms 
rectangular pulse. Under these conditions, the resultant 
clamping voltages for the zener and MOV were 32 V and 
60 V respectively. 

Also shown in the table is a 1 .5 W zener diode specified 
for zener applications. This low surge current device costs 
three times the MOV, illustrating that tight tolerance zener 
diodes are not cost effective and that the user should use 
devices designed and priced specifically for the suppressor 
application. 

Thyristor type surge suppressors are shown in Table 2. 
They include four SIDAC series, two SCRs designed and 
characterized specifically for crowbar applications and also 
the MOS SCR MCR1000. The MOS SCR, a process 
variation of the vertical structure power MOSFET, combines 
the input characteristics of the FET with the latching action 
of an SCR. 

All devices were surge current tested with the resultant 
peak currents being impressively high. The TO-220 (150)2 
mil SCR MCR69 for example, reached peak current levels 
approaching 700 A for a 1 ms exponential pulse. The 
guaranteed, derated, time base translated curves for the 
crowbar SCR family of devices are shown in Figure 1 0, as 
is the MK1V SIDAC in Figure 11. 

Figures 12A-C describe the guaranteed, reverse surge 
design limits for the avalanche rectifier devices. These three 
figures illustrate, respectively, the peak current, power and 
energy capabilities of these overvoltage transient 
suppressors derived from exponential testing. The peak 
power, Ppk, ordinate of the curve is simply the product of 
the derated lz and Vz and the energy curve, the product of 
Ppk and t w . 
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Figure 12b. Peak Power Figure 12c. Energy 

Figure 12. Guaranteed Reverse Surge Design Limits for the 
MR2525L & MR2530L Overload Transient Suppressors 
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Table 1. Measured Surge Current Capability of Transient Suppressors 



Device 
Type 


Title 


Part No. 




Spec. 


Die 
Size 


Peak Current at Pulse Widths, l p ^ (Amps) 


Clamping 
Factor 
Vims 
V 100ms 


Norm. 
Cost 


Volt 


Power 
(Energy) 


1 ms 


10 ms 


20 ms 


100 ms 


Exp. 


Rect. 


Exp. 


Rect. 


Exp. 


Rect. 


Exp. 


Rect. 


Avalanche 
Rectifier 


Surge Supp., 
Overvoltage 
Transient 
Suppressor 


MR2520L 


194-05 


24-32 V 


2.5 KW 
Peak 


1502 
mil 




85 A 




40 




30 




18 


?0 = 12 
22 V 




MR2525L 


24-32 V 


10 KW 
Peak 


1962 
mil 




150 A 




70 




54 




37 


21-13 
23 


4.0 


Zener 


1.5 W Zener 
Diode 


1NS936A 


DO-4I 


30 V 


1.5W 
Cont. 


372 
mil 


12 A 


5 


6 


2.5 


5 


2 


3 


1.3 


41-14 
30 


3.2 


1N5932A 


20 V 


23 A 


6 


10 


2.8 


7 


2.3 


5 


1.4 


2§-12 
23 


Overvoltage 
Transient 
Suppressor 


P6KE30 


17 


30 V 


600 W 
Peak 


Rn2 
mil 


43 A 


14 


14 


5 


10 


4.5 


5 


2.5 


51 - 1 3 
32 " 13 


0.85 


P6KE10 


10V 




24 A 




12 




g 




5.5 


16 = 1 2 
13 


MOSORB 


1.5KE30 


41A-02 


30 V 


1500W 
Peak 


1042 
mil 




35 A 




10 








4 


3§ = 1 1 

33 


1.8 


1 .5KE24 


24 V 




45 A 




14 








6 


30V = 
28 V 


MOV" 


Metal 
Oxide 
Varistor 


V39MA2A 


Axial 
Lead 


28 V 


( °' 16 \ 
I Joules I 


3 mm 




9A 




5 








0.7 


80 V 
60 V 


6A 
0.7 A 


1.0 


V33ZA1 


Radial 
Lead 


26 V 


1 10 ^ 
1 Joules 1 


7 mm 








35 








4A 


105 V 
80 V 


35 A 
4A 


1.4 



"G.E. 



Table 2. Measured Surge Current Of Thyrlstor Type Devices 



Technology 


Device 


Voltage 
Ratings 


Case 


Die 
Size 


Ipk @ <W 


Norm 
Cost 


1 ms 


10 ms 


Exponent. 


Rectang. 


Exponent. 


Rectang. 


SIDAC 


MKP9V1 30 Series 


104V-135V 


59-04 


37* mil 


40 A 


13A 


16A 


8A 


0.87 


MKP9V240 Series 


220 V-280 V 


31 A 


15A 


20 A 


8A 


MK1V1 35 Series 


120V-136V 


267-01 


78' mil 


140A 


80 A 


55 A 


30 A 


1.1 


MK1V270 Series 


220 V-280 V 


170 A 


60A 


90 A 


28 A 


sen 


MCR68 Series 


25 V^lOO V 


TO-220 


92 2 mil 


300 A 




170 A 




1.2 


MCR69 Series 


15rj2 m il 


700 A 




400 A 




1.9 


MOS SCR 


MCR1000 Series 


200 V-600 V 


127 mil 
X 

183 mil 


250 A 




170A 




9.3 



•Normalized to G.E. MOV V39MA2A, Qty 1-99, 1984 Price 



Additionally, the published non-repetitive peak power 
ratings of the various zener diode packages are illustrated 
in Figure 13. Figure 14 describes the typical derating factor 
for repetitive conditions of duty cycles up to 20%. Using these 
two empirically derived curves, the designer can then 
determine the proper zener for the repetitive peak current 
conditions. 

At first glance the derating of curves of Figure 14 appear 
to be in error as the 1 ms pulse has a higher derating factor 
than the 10 us pulse. However, when the mathematics of 
multiplying the derating factor of Figure 1 4 by the peak power 
value of Figure 13 is performed, the resultant respective 
power and current capability of the device follows the 



expected trend. For example, for a 5 W, 20 V zener operating 
at a 1.0% duty cycle, the respective derating factors for 10 
us and 1 ms pulses are 0.08 and 0.47. The non-repetitive 
peak power capabilities for these two pulses (10 us and 10 
ms) are about 1300 W and 50 W respectively, resulting in 
repetitive power and current capabilities of about 104 W and 
24 W and consequently 5.2 A and 1 .2 A. 

MOV 

All of the surge suppressors tested with the exception of 
the MOV are semiconductors. The MOV is fabricated from 
a ceramic (ZnO), non-linear resistor. This device has wide 
acceptance for a number of reasons, but for many 
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SOURCE IMPEDANCE Hs = 500 Q 




0.2 0.5 1 
PULSE WIDTH (ms) 

Power is defined as Vz(NOM) x 'Z(PK) where Vz(NOM) is tne 
nominal zener voltage measured at the low test current used for 
voltage classification. 

Figure 13. Peak Power Ratings of Zener Diodes 
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Figure 14. Typical Derating Factor for Duty Cycle 



applications, particularly those requiring good clamping 
factors, the MOV is found lacking; (clamping factor is defined 
as the ratio of Vz at the test current to that at 1 .0 mA). This 
is photographically illustrated in Figure 15 which compares 
a 27 V zener (1N6281) with a 27 V MOV (V27ZA4). The 
input waveform, through a source impedance resistance to 
the DUTs, was an exponentially decaying voltage waveform 
of 90 V peak. Figures 15A and B compare the output 
waveforms (across the DUTs) when the source impedance 
was 500 £2 and Figures 15C and D for a 50 CI condition. 
The zener clamped at about 27 V for both impedances 
whereas the MOV was about 40 V and 45 V respectively. 

Surge current capabilities of a comparably powered MOV 
were also determined, as shown in the curve of Figure 16. 
Although the MOV, a V39MA2A, is specified as a 28 V 



27 V MOV 
G.E. V27ZA4, 4 JOULES CAPABILITY 

Figure 15a. 

SOURCE IMPEDANCE Rg = 500 Q 



■■■""■■I 

27 VZENER DIODE 
MOTOROLA 1N6281, APPROX. 1.5 JOULES 

Figure 15b. 

continuous device (39 V ±10% at 1 mA) at the pulse widths 
and currents tested, the resultant voltage Vz across the MOV 
— 80 V at about 6 A — necessitated a high voltage fixture. 
This was accomplished with a circuit similar to that of Figure 
1B. 

But MOVs do have their own niche in the marketplace, 
as described in Table 3, the Relative Features of MOVs and 
MOSORBs. 
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SOURCE IMPEDANCE Rs = 50 £2 



27 V MOV 

Figure 15c. 

SOURCE IMPEDANCE R$ = 50 fi 
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27VZENER DIODE 
Figure 15d. 

Figure 15. Clamping Characteristics of a 
27 V Zener Diode and 27 V MOV 
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Figure 16. Rectangular Surge Current Capability 
Of The V39MA2A MOV 



Table 3. Relative Features of MOVs 
and MOSORBs 


MOV 


MOSORB/Zener Transient 
Suppressor 


High Clamping Factor 


Very good clamping close to 
the operating voltage. 


Symmetrically bidirectional 


Standard parts perform like 
standard zeners. Symmetrical 
bidirectional devices available 
for many voltages. 


Energy capability per dollar 
usually much greater than a 
silicon device. However, if 
good clamping is required a 
higher energy device would be 
needed, resulting in higher 
cost. 


Good clamping characteristics 
could reduce overall cost. 


Inherent wear out mechanism, 
clamp voltage degrades after 
every pulse, even when 
pulsed below rated value. 


No inherent wear out 
mechanism. 


Ideally suited for crude AC line 
protection. 


Ideally suited for precise DC 
protection. 


High single-pulse current 
capability. 


Medium multiple-pulse current 
capability. 


Degrades with overstress. 


Fails short with overstress. 


Good high voltage capability. 


Limited high voltage capability 
unless series devices are 
used. 


Limited low voltage capability. 


Good low voltage capability. 
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SUMMARY 

The surge current capabilities of low energy overvoltage 
transient suppressors have been demonstrated, including 
cost/performance comparison of rectifiers, zeners, thyristor 
type suppressors, and MOVs. Both rectangular and 
exponential testing have been performed with the described 
testers. Additionally, the Rectangular Current Surge Tester 
has the capability of measuring the diode junction 
temperature of zeners and rectifiers at various power levels, 
thus establishing safe operating limits. 
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INTRODUCTION 

This paper discusses the zener voltage correlation 
problem which sometimes exists between the manufacturer 
and the customer's incoming inspection. A method is shown 
to aid in the correlation of zener voltage between thermal 
equilibrium and pulse testing. A unique double pulsed sample 
and hold test circuit is presented which improves the 
accuracy of correlation. 1 

Several zener voltages versus zener pulsed test current 
curves are shown for four package styles. An appendix is 
attached for incoming inspection groups giving detailed 
information on tolerances involved in correlation. 

For many years the major difficulty with zener diode testing 
seemed to be correlation of tight tolerance voltage 
specifications where accuracy between different test setups 
was the main problem. The industry standard and the EIA 
Registration system adopted thermal equilibrium testing of 
zener diodes as the basic test condition unless otherwise 
specified. Thermal equilibrium was chosen because it was 
the most common condition in the final circuit design and 
it was the condition that the design engineers needed for 
their circuit design and device selection. Thermal equilibrium 
testing was also fairly simple to set-up for sample testing 
at incoming inspection of standard tolerance zeners. 

In recent years with the advent of economical 
computerized test systems many incoming inspection areas 
have implemented computer testing of zener diodes which 
has been generating a new wave of correlation problems 
between customers and suppliers of zener diodes. 

The computerized test system uses short duration pulse 
test techniques for testing zener diodes which does not 
directly match the industry standard thermal equilibrium test 
specifications. 

This paper was prepared in an attempt to clarify the 
differences between thermal equilibrium and short duration 
pulse testing of zener diodes, to provide a test circuit that 
allows evaluation at various pulse widths and a suggested 
procedure for incoming inspection areas that will allow 
meaningful correlation between thermal equilibrium and 
pulse testing. 

In the measurement of zener voltage (Vz), the temperature 
coefficient effect combined with test current heating can 
present a problem if one is attempting to correlate Vz 
measurements made by another party (Final Test, Quality 
Assurance or Incoming lnspection).2 This paper is intended 
as an aid in determining Vz at some test current Ozt) pulse 
width other than the pulse width used by the manufacturer. 



Thermal equilibrium (TE) is reached when diode junction 
temperature has stabilized and no further change will occur 
in Vz if the Izt time is increased.2 This absolute value can 
vary depending on the mounting method and amount of 
heatsinking. Therefore, thermal equilibrium conditions have 
to be defined before meaningful correlation can exist. 

Normalized Vz curves are shown for four package styles 
and for three to five voltage ratings per package. Pulse 
widths from 1 ms up to 100 seconds were used to arrive 
at or near thermal equilibrium for all packages with a given 
method of mounting. 

Mounting 

There are five conditions that can affect the correlation 
of Vz measurements and are: 1) instrumentation, 2) Ta, 
3) Izt * im e, 4) Pp and 5) mounting. The importance of the 
first four conditions is obvious but the last one, mounting, 
can make the difference between good and poor correlation. 
The mounting can have a very important part in Vz 
correlation as it controls the amount of heat and rate of heat 
removal from the diode by the mass and material in contact 
with the diode package. 

Two glass axial lead packages (DO-35 and DO-41), curves 
(Figures 5 and 6) were measured with standard Grayhill clips 
and a modified version of the Grayhill clips to permit lead 
length adjustment. 

Test Circuit 

The test circuit (Figure 8) consists of standard CMOS logic 
for pulse generation, inverting and delaying. The logic drives 
three bipolar transistors for generation of the power pulse 
for Izt v Z is fed into an unique sample and hold (S/H) circuit 
consisting of two high input impedance operational amplifiers 
and a field effect transistor switch. 

For greater accuracy in Vz measurements using a single 
pulse test current, the FET switch is double pulsed. Double 
pulsing the FET switch for charging the S/H capacitor 
increases accuracy of the charge on the capacitor as the 
second pulse permits charging the capacitor closer to the 
final value of Vz. 

The timing required for the two pulse system is shown in 
waveform G-3C whereby the initial sample pulse is delayed 
from time zero by a fixed 100 |is to allow settling time and 
the second pulse is variable in time to measure the analog 
input at that particular point. The power pulse (waveform 
G-2D) must also encompass the second sample pulse. 
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To generate these waveforms, four time delay monostable 
multivibrators (MV) are required. Also, an astable MV, is 
required for free-running operation; single pulsing is simply 
initiated by a push-button switch S1. All of the pulse 
generators are fashioned from two input, CMOS NOR gates; 
thus three quad gate packages (MC14001) are required. 
Gates 1A and 1B form a classical CMOS astable MV clock 
and the other gates (with the exception of Gate 2D) comprise 
the two input NOR gate configured monostable MV's. The 
Pulse Width variable delay output (Gate 1 D) positions the 
second sample pulse and also triggers the 1 00 us Delay MV 
and the 200 us Extended Power Pulse MV, The respective 
positive going outputs from gates 3A and 2C are diode 
NOR'ed to trigger the Sample Gate MV whose output will 
consequently be the two sample pulses. These pulses then 
turn on the PNP transistor Q1 level translator and the 
following S/H N-channel FET series switch Q2. Op amps 
U4 and U5, configured as voltage followers, respectively 
provide the buffered low output impedance drive for the input 
and output of the S/H. Finally, the pulse extended Power 
Gate is derived by NORing (Gate 2D) the Pulse Width Output 
(Gate 1D) with the 200 us MV output (Gate 2C). This 
negative aging gate then drives the Power Amplifier, which, 
in turn, powers the D.U.T. The power amplifier configuration 
consists of cascaded transistors Q3-Q5, scaled for test 
currents up to 2 A. 

Push button switch (S4) is used to discharge the S/H 
capacitor. To adjust the zero control potentiometer, ground 
the non-inverting input (Pin 3) of U4 and discharge the S/H 
capacitor. 



Testing 

The voltage Vqc. should be about 50 volts higher than 
the D.U.T. and with Rq selected to limit the Izt P^se to a 
value making Vzt IZT = 1/4 Pd (max), thus insuring a good 
current source. All testing was performed at a normal room 
temperature of 25°C. A single pulse (manual) was used and 
at a low enough rate that very little heat remained from the 
previous pulse. 

The pulse width MV (1 C and 1 D) controls the width of the 
test pulse with a selector switch S3 (see Table 1 for capacitor 
values). Fixed widths in steps of 1 , 3 and 5 from 1 ms to 
10 seconds in either a repetitive mode or single pulse is 
available. For pulse widths greater than 10 seconds, a stop 
watch was used with push button switch (S1) and with the 
mode switch (S2) in the > 10 seconds position. 

For all diodes with Vz greater than about 6 volts a resistor 
voltage divider is used to maintain an input of about 6 V to 
the first op amp (U4) so as not to overload or saturate this 
device. The divider consists of R5 and R6 with R6 being 
10 k£2 and R5 is selected for about a 6 V input to U4. 
Precision resistors or accurate known values are required 
for accurate voltage readout. 



Table 1. S3 — Pulse Width 


Switch 






Position 


i#t)ir| 


t(ms) 


1 


0.001 


1 


2 


0.004 


3 


3 


0.006 


5 


4 


0.01 


10 


5 


0.04 


30 


6 


0.06 


50 


7 


0.1 


100 


8 


0.4 


300 


9 


0.6 


500 


10 


1.0 


1K 


11 


1.2 


3K 


12 


6.0 


5K 


13 


10 


10K 



•Approximate Values 



Using Curves 

Normalized Vz versus Izt pu'se width curves are shown 
in Figure 1 through 6. The type of heatsink used is shown 
or specified for each device package type. Obviously, it is 
beyond the scope of this paper to show curves for every 
voltage rating available for each package type. The object 
was to have a representative showing of voltages including 
when available, one diode with a negative temperature 
coefficient (TC). 

These curves are actually a plot of thermal response 
versus time at one quarter of the rated power dissipation. 
With a given heatsink mounting, Vz can be calculated at 
some pulse width other than the pulse width used to specify 
VZ- 

For example, refer to Figure 5 which shows normalized 
Vz curves for the axial lead DO-35 glass package. Three 
mounting methods are shown to show how the mounting 
effects device heating and thus Vz- Curves are shown for 
a 3.9 V diode (1 N5228B) which has a negative TC and a 
12 V diode (1N5242B) having a positive TC. 

In Figure 5, the two curves generated using the Grayhill 
mountings are normalized to Vz at TE using the Motorola 
fixture. There is very little difference in Vz at pulse widths 
up to about 10 seconds and mounting only causes a very 
small error in Vz- The maximum error occurs at TE between 
mountings and can be excessive if Vz is specified at TE and 
a customer measures Vz at some narrow pulse width and 
does not use a correction factor. 

Using the curves of Figure 5, Vz can be calculated at any 
pulse width based upon the value of Vz at TE which is 
represented by 1 on the normalized Vz scale. If the 1 N5242B 
diode is specified at 12 V ± 1.0% at 90 seconds which is 
at TE, Vz at 100 ms using either of the Grayhill clips curves 
would be 0.984 of the Vz value at TE or 1 using the Motorola 
fixture curve. If the negative TC diode is specified at 3.9 V 
± 1.0% at TE (90 seconds), Vz at 100 ms would be 1.011 
of Vz at TE (using Motorola fixture curve) when using the 
Grayhill Clips curves. 
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because diode junction temperature can be different for each 
mounting at TE which is represented by 1 on the Vz 
normalized scale. Therefore, when the correlation of Vz 
between parties is attempted, they must use the same type 
of mounting or know what the delta Vz is between the two 
mountings involved. 

The Grayhill clips curves in Figure 6 are normalized to the 
Motorola fixture at TE as in Figure 5. Figures 1 through 4 
are normalized to Vz at TE for each diode and would be used 
as Figures 5 and 6. 

Measurement accuracy can be affected by test equipment, 
power dissipation of the D.U.T., ambient temperature and 
accuracy of the voltage divider if used on the input of the 
first op-amp (U4). The curves of Figures 1 through 6 are for 
an ambient temperature of 25°C, at other ambients, 9Vz has 
to be considered and is shown on the data sheet for the 
1N5221B series of diodes. 8Vz is expressed in mV/°C and 
for the 1N5228B diode is about -2 mV/°C and for the 
1 N5242B, about 1 .6 mV/°C. These values are multiplied by 
the difference in T/\ from the 25°C value and either subtracted 



General Discussion 

The TC of zener diodes can be either negative or positive, 
depending upon die processing. Generally, devices with a 
breakdown voltage greater than about 5 V have a positive 
TC and diodes under about 5 V have a negative TC. 

Conclusion 

Curves showing Vz versus Izt pulse width can be used 
to calculate Vz at a pulse width other than the one used to 
specify Vz. A test circuit and method is presented to obtain 
Vz with a single pulse of test current to generate Vz curves 
of interest. 
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Measurement of Zener Voltage to Thermal Equilibrium with Pulsed Test Current 

FIGURES 1 thru 8 — Conditions: Single Pulse, T A = 25°C, V z Izj = 1/4 Pp (Max) Each device normalized to V z at TE. 



AXIAL LEAD PACKAGES: MOUNTING STANDARD GRAYHILL CLIPS 
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THREE MOUNTING METHODS: DO-35 AND DO-41 
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APPENDIX A 
Recommended Incoming Inspection Procedures 
Zener Voltage Testing 
Pulsed versus Thermal Equilibrium 



This section is primarily for use of incoming inspection 
groups. The subject covered is the measurement of zener 
voltage (Vz) and the inherent difficulty of establishing 
correlation between supplier and buyer when using pulsed 
test techniques. This difficulty, in part, is due to the 
interpretation of the data taken from the variety of available 
testers and in some cases even from the same model types. 
It is therefore, our intent to define and reestablish a 
standardized method of measurement to achieve correlation 
no matter what test techniques are being used. This 
standardization will guarantee your acceptance of good 
product while maintaining reliable correlation. 

DEFINITION OF TERMS 

Temperature Coefficient (TC): 

The temperature stability of zener voltages is sometimes 
expressed by means of the temperature coefficient (TC). 
This parameter is usually defined as the percent voltage 
change across the device per degree centigrade, or as a 
specific voltage change per degree centigrade. Temperature 
changes during test are due to the self heating effects caused 
by the dissipation of power in the zener junction. The Vz will 
change due to this temperature change and will exhibit a 
positive or negative TC, depending on the zener voltage. 
Generally, devices with a zener voltage below five volts will 
have a negative TC and devices above five volts will exhibit 
a positive TC. 

Thermal Equilibrium (TE) 

Thermal equilibrium (TE) is reached when the diode 
junction temperature has stabilized and no further change 
will occur. In thermal equilibrium, the heat generated at the 
junction is removed as rapidly as it is created, hence, no 
further temperature changes. 

MEASURING ZENER VOLTAGE 

The zener voltage, being a temperature dependent 
parameter, needs to be controlled for valid Vz correlation. 
Therefore, so that a common base of comparison can be 
established, a reliable measure of Vz can only occur when 
all possible variables are held constant. This common base 
is achieved when the device under test has had sufficient 
time to reach thermal equilibrium (heatsinking is required to 
stabilize the lead or case temperature to a specified value 



for stable junction temperatures). The device should also be 
powered from a constant current source to limit changes of 
power dissipated and impedance. 

All of the above leads us to an understanding of why 
various pulse testers will give differing Vz readings; these 
differences are, in part, due to the time duration of test (pulse 
width), duty cycle when data logging, contact resistance, 
tolerance, temperature, etc. To resolve all of this, one only 
needs a reference standard to compare their pulsed results 
against and then adjust their limits to reflect those 
differences. It should be noted that in a large percentage 
of applications the zener diode is used in thermal equilibrium. 

Motorola guarantees all of it's axial leaded zener products 
(unless otherwise specified) to be within specification ninety 
(90) seconds after the application of power while holding the 
lead temperatures at 30 ± 1 °C, 3/8 of an inch from the device 
body, any fixture that will meet that criteria will correlate. 30°C 
was selected over the normally specified 25°C because of 
its ease of maintenance (no environmental chambers 
required) in a normal room ambient. A few degrees variation 
should have negligible effect in most cases. Hence, a 
moderate to large heatsink in most room ambients should 
suffice. 

Also, it is advisable to limit extraneous air movements 
across the device under test as this could change thermal 
equilibrium enough to affect correlation. 

SETTING PULSED TESTER LIMITS 

Pulsed test techniques do not allow a sufficient time for 
zener junctions to reach TE. Hence, the limits need to be 
set at different values to reflect the Vz at lower junction 
temperatures. Since there are many varieties of test systems 
and possible heatsinks, the way to establish these limits is 
to actually measure both TE and pulsed Vz on a serialized 
sample for correlation. 

The following examples show typical delta changes in 
pulsed versus TE readings. The actual values you use for 
pulsed conditions will depend on your tester. Note, that there 
are examples for both positive and negative temperature 
coefficients. When setting the computer limits for a positive 
TC device, the largest difference is subtracted from the upper 
limit and the smallest difference is subtracted from the lower 
limit. In the negative coefficient example the largest change 
is added to the lower limit and the smallest change is added 
to the upper limit. 
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Motorola Zeners 

• Thermal equilibrium specifications: 
Vz at 10 mA, 9 V minimum, 11 V maximum: 
(Positive TC) 



TE 


Pulsed 


Difference 


9.53 V 


9.45 V 


-0.08 V 


9.35 V 


9.38 V 


-0.07 V 


9.46 V 


9.83 V 


-0.08 V 


9.56 V 


9.49 V 


-0.07 V 


9.50 V 


9.40 V 


-0.10 V 



Computer test limits: 
Set Vz max. limit at 11 V - 0.10 V = 10.9 V 
Set V Z min. limit at 9 V - 0.07 V = 8.93 V 



• Thermal equilibrium specifications: 
Vz at 10 mA, 2.7 V minimum, 3.3 V maximum: 
(Negative TC) 



TE 


Pulsed 


Difference 


2.78 V 


2.83 V 


+0.05 V 


2.84 V 


2.91 V 


+0.07 V 


2.78 V 


2.84 V 


+0.05 V 


2.86 V 


2.93 V 


+0.07 V 


2.82 V 


2.87 V 


+0.05 V 



Computer test limits: 
Set Vz min. limit at 2.7 V + 0.07 V = 2.77 V 
Set V Z max. limit at 3.3 V + 0.05 V = 3.35 V 
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